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INTRODUCTION 
The present paper attempts to assemble under one cover the description 
and illustrations of those protozoa found in the large intestine of the 
horse. Although Buisson (1923) has made such compilations of the in-
fusoria of the mammals, the part which concerns the horse is quite in-
adequate, for he failed to include Gassovsky's work (1919), which contains 
ten new genera and :fifteen new species, and since his time many new species 
and some new genera have been described from the horse. 
In the preparation of this work all published descriptions of members 
of this distinctive fauna have been carefully studied. The previously 
described types encountered in the materials were restudied in view of 
previous descriptions. Where the information previously given was ade-
quate, it was incorporated into the present account. In cases where char-
acters were either incorrectly stated or lacking, the proper corrections and 
supplemental details have been added. A number of new species also are 
described in this paper. On the other hand, certain names have been placed 
in the synonymy, and some forms have been r·enamed. And :finally, the 
ensemble of species has been treated systematically. This has resulted in 
the erection of one new family. 
The main emphasis of this work has been placed upon the ciliates, as 
that is the group involving the larg.est number of species and the greatest 
*A thesis submitted to the Graduate Faculty in partial fulfillment of the require-
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variety in respect to genera. They may be regarded as a distinct fauna 
of the horse. 
REVIEW OF LITERATURE 
The literature upon this subject is not so extensive as might be sup-
posed, although it covers a period of eighty-seven years. The first informa-
tion regarding the presence of protozoa in the large intestine of the horse 
was given by Gruby and Delafond (1843) under the title "Recherches sur 
des animalcules se developpant en grand nombre dans l 'estomac et dans 
les intestins, pendant la digestion des animaux herbivores et carnivores." 
In this communication they presented a short general account of the para-
sitic protozoa of the intestines of the dog, the pig, the horse and of the 
stomach of the ox. They enumerated seven species from the horse and 
described them briefly. Unfortunately, their descriptions were not accurate 
and, furthermore, they were not accompanied by illustrations. These facts 
make it impossible for the later workers to identify the protozoa which they 
observed. Yet this work is still important because of the early date at 
which it was done and because it did open up a new field for investigation. 
The next information was given by Colin ( 1854) in his "Traite de 
physiologie comparee des animaux.'' Unfortunately the first edition of 
this book is not available to the writer. In the second edition (1871) he 
declared that in the cecum and colon of the horse there occurred eight to 
ten species of protozoa. He produced fifteen drawings from which the 
genera Cycloposthium, Blepharocorys and Paraisotricha can be recognized. 
In 1869 Weiss referred to the discussion of Gruby and Delafond. He 
gave also a sketchy drawing of Cycloposthium. 
In 1890 Fiorentini published two short papers dealing with ciliates 
which he found in the cecum and colon of the horse. He figured and 
described \fourteen new species. He was apparently the first to name any 
of these protozoa and to classify them. To the genus Diplodinium he added 
two new species,-Diplodinium uncinatum and Diplodinium itnifascicitla-
tum. To the genus Entodinium he also added two new species,-Entodin-
ium valvatum and Entodinium bipalmatum. But the descriptions of these 
new species were not in accord with the characteristics of the genera Dip-
lodinium .and Entodinium respectively, as laid down by former workers. 
Consequently, they were removed to new genera by later workers. In the 
genus Paraisotricha he included six heterogeneous species, some of which 
wer.e undoubtedly synonyms due to inaccurate observations and some 
unquestionably should be removed from the genus. In general his draw-
ings were crude and sometimes imaginary and his descriptions were far 
too brief. 
The next work of importance was that of Bundle (1895) who published 
a rather voluminous account of his investigations entitled "Ciliate Infusor-
ien im Coecum des Pferdes". In this paper he founded the genus Cyclo-
posthium to which he assigned Entodinium bipalmatum Fiorentini. To 
the new genus Blepharocorys he referred both the Entodinium valvafom 
Fiorentini and also Diplodinium uncinatum Fiorentini. He did not discuss 
Diplodinium unif asciculatum Fiorentini. He added a new species Bleph-
arocorys jubata, to the genus Blepharocorys. Besides redescribing the 
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genera, Didesmis Fiorentini and Paraisotricha Fiorentini, he added to the 
latter a new species, Paraisotricha truncata, which was unfortunately a 
synonym of P. colpoidea. He erected three more new genera, Blepharopro-
sthium, Blepharosphaera and Blepharocodon, in each of which he placed 
a new species. He also found a new ciliate, Buetschlia postciliata, which 
he referred to the genus Buetschlia described only from the stomachs of 
cattle before that time. Although he made many mistakes, his descriptions 
in general were clear and his drawings fairly good, but misleading. 
In 1914 Sharp published a wonderful work on the minute morphology 
of Diplodinium ecaudatum. His discovery of the neuromotor apparatus 
and his descriptions of other structural details of Diplodiniitm ecaudatum 
stirred up the entire biological world and gave impetus for further re-
searches along that line. In this work he also listed the ciliates described 
from the large intestine of the horse up to that time. Unfortunately, he 
referred Diplodinium uni[ asciculatum Fiorentini to the genus Blepharo-
corys Bundle. 
In 1915 Schumacher worked on Blepharocorys equi and gave an ex-
cellent description of the morphology of that tiny ciliate from the cecum 
of the horse. It appears to the writer that this Blepharocorys equi is really 
a synonym of Blepharocorys uncinata. · 
In 1917 Cunha published a short note concerning the presence of 
Balantidium in the horse. lle stated that this organism resembeled Balan-
tidium coli found in man, and he also pointed out the fact that the ciliates 
which commonly inhabit the cecum of the horse were not found together 
with this Balantidium. 
In 1919 Gassovsky published a short paper, ''On the microfauna of 
the intestine of the horse". In this work he erected ten new genera and 
:fifteen new species. He transferred Paraisotricha ovalis Fiorentini to his 
new genus Holophryoides and Diplodinium uni[ asciculatum Fiorentini to 
his new genus Tetratoxum. Most of his drawings were simple and neat, 
but some of them were inaccurate. His descriptions were rather brief. 
Fantham ( 1921) in his article "Some parasitic protozoa found in 
South Africa'' reported the presence of Endamoeba, Trichomonas and 
Giardia in the large intestine of the horse. Only a few measurements and 
a short description were given for each of them. 
In 1923 Buisson published two works, the one the "These de Mede-
cine" and the other an article entitled "'Sur quelques infusoires nouveaux 
ou parconnus parasites des mammiferes". In both these works he compiled 
a list of the ciliates found in the large intestine of the horse and gave a 
very brief description of each. 
In 1925 Jameson described a new ciliate, Charon ventriculi, from the 
stomachs of ruminants. He stated that this ciliate was closely related to 
Blepharocorys found only in the large intestine. of the horse. It is really 
fortunate that the writer also found on several occasions ciliates that 
resembled Charon ventriculi closely. By the cross infection experiments 
and by the critical microscopic examination it has been proved that it is 
a separate species. The writer had the privilege to name it Charon equi. 
In 1928 Cunha and Muniz found a new ciliate which closely resembled 
Buetschlia postciliata Bundle in the cecum of Tapirus americanus. They 
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erected for this new species a new genus, Bundleia to which they also 
transferred Buetschlia postciliata Bundle. 
In 1928 Strelkow published an excellent monograph on the genus 
Cycloposthium. Besides describing two new sp.ecies, he redescribed Cyclo-
posthium bipalmatum and separated Cycloposthium edentatum from Cyclo-
posthium dentiferum Gassovsky, 1919. In the next year he again published 
an excellent paper on the morphology of Cycloposthium. 
In 1928 the writer described two new species of Suctoria from the large 
intestine of the horse. It is really remarkable that Suctoria can be found 
in the digestive tract of a mammal. Since 1928 the writer has published 
descriptions of several more new species of ciliates from the large intestine 
of the horse. 
In 1929 Dogiel published an excellent paper on the "concretion 
vacuole'' Qf ciliates found in the large intestine of the horse. He regarded 
this structure as an organelle comparable to the statocysts of metazoan 
invertebrates. 
TECHNIQUE 
The material used in this work was obtained from horses that were 
sacrificed for the operative surgery and the postmortem technique classes 
of the Division of Veterinary Medicine of the Iowa State College. In 
every case extreme care was taken to avoid any fall in the temperature of 
the intestinal fluid in the interval between killing the horse and studying 
the living material. The protozoa were kept alive either in a Freas electric 
incubator or in a thermo-vacuum jug containing warm water of the desired 
temperature. 
The living prozotoa were studied on an electric warming stage. To 
avoid evaporation of the fluid, the cover-glass was sealed to the slide with 
vaseline. In this way the animals have been kept alive for several hours. 
When the fluid to be studied was brought to the laboratory, a portion 
of it was either immediately fixed in Schaudinn 's fluid or in two volumes 
of 10 per cent formalin. 'Sometimes wet-film slides were made and stained 
with iron-hematoxylin for the detailed studies of amoebae and flagellates. 
Permanent slides were made also from the fixed materials l:iy staining them 
with iron-hematoxylin. The material fixed in formalin might be studied 
without further treatment, but staining with acid methyl green always 
made the nuclei more prominent. 
Comments on Table 1 
It should be noted that horse No. 4, which had been treated for worms 
not long before its sacrifice, only Cycloposthium bipalmatum, Blepharo-
corys jubata and flagellates were observed in the cecal material. Horse 
No. 5 had also boon treated for bots, and only Cycloposthium bipalmatum 
and flagellates were observed in the cecal material and only Cycloposthium 
bipalmatum, Blepliarocorys curvigilla, Blepharocorys angusta and flagel-
lates were observed in the colic material. Horse No. 16 underwent post-
mortem examination about ten hours after its death, but many species of 
protozoa were found still alive. 
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TABLE 1. Showim.g the incidence of various species of protozoa found in the cecum, colon and feces of horses. 
Designation of horse Total 
Name of protozoa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 c L F 
Endamoebll gedoelsti c c c c L c c 6 1 
Oikomonas equi c c c c c c c c 8 ,_ 
Trichomonas equi c CL F F c c c CL CL c c c c c c c L 14 4 -2-
Callimastiill equi c CL c L CL CL c c L 7 5 
Didesmis ovalis c F c CL c L F L L CL c c c c c c c c c c c L 16 6 ~ 
D. quadrata CL F F F F L CL c c c c c c 8 3 -4-
D. spiralis c c 2 
Blepharopros_thium pireum c CL L c c c L c c c c c c c L c 13 4 ---
BZepharosphaera intestinalis c c CL c c F c c c c L 9 2 1 . 
B. ellipsoidalis c L c c c L 4 2 
Blepharoconus cervicalis L L 2 
B. benbrooki L F 1 1 
Bundleia postciliata F F CL c CL F F 3 2 4 
Alloiozona trizona c c c c L L c 5 2 
Polymorpha ampulla L F c c c 3 1 1 
Paraisotricha colpoidea c c CL c F CL c c c c CL CL CL c c CL c c c c c c 21 6 1 
P. beckeri c c c c c L c c c 8 1 
P. minuta c c c c c c c c c c c c CL c c c c L c c c c c c c c c c c c c c L 31 3 
Blepharocorys uncinata c c CL c c c c c CL c L c c c c c c c c c c c L 21 4 
B. valvata L L c L L 1 4 
B. jubata c c c c c c c c c c c CL c CL CL c c c c L c c c 22 4 
B. curvigula L L F F L L L F F L L L L L L L 12 4 
B. angusta L F F F F L L F F L L L L L 8 - 6-
B. cardionucleata L 1 
Charon equi L F F F F L L 3 4 
Cycloposthium bipalmatum c c c c CL CL c F CL c c c c c c CL c CL c c CL c CL c c c c c c c c c c c c c c c c L 38 8 1 
C. dentiferum c c c c c c c CL c L c c c c c c c 16 2 
C. edentatwm c CL c c c c c L c c c c 11 2 
C. scutigerum c c c c c c c c CL c c c CL c L c CL c c 0 c c 0 c c 24 4 
C. afftnae CL c c 3 1 
C. corrugatum c c c CL c c c 7 ~ ,____ 
Spirodinium equi L L L 3 
Triadinium caudatwm F L L F L 3 2 
T. galea L L F L 3 1 
T. minimum F F L L 2 2 
Tetratoxum unifasciculatum F L F L 2 2 
T. ezcavatwm L 1 
T. parvum L L 1 
Tripalmaria dogieli F L F L L 3 2 
Cochliatoamm periachtum F L 1 1 
Ditoamm funinucleum F L F L 2 2 
Allantosoma intestinalis L F F L c F L L CL L c c c c L L 6 8 3 
A. dicorniger L 2 -L 
A. brevicorniger c c c c c c c c c 9 
Source of material: cecum = c, colon = L. and feces = F. 
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TABLE 2. Showing the pH value 
of the intestinal fluid of twelve horses. 
(With colorimi-etric method.) 
No. Cecum Colon 
27 7.0 
28 6.8 6.8 
32 7.2 
35 6.8 
36 6.8 
37 7.0 
38 7.0 
39 7.0 
41 7.2 
42 6.8 
45 7.0 
46 7.2 
MORPHOLOGY AND TAXONOMY 
1. Subphylum: PLASMODROMA Doflein, 1901 
a. Class: RHIZOPODA von Siebold, 1845 
Order: Amoebida Calkins, 1902 
Family: ENDAMOEBIDAE Calkins, 1926 
Genus: ENDAMOEBA Leidy, 1879 
365 
Endamoeba gedoelsti mon. nov. (for Amoeba intestinalis Gedoelst, 1911) 
(Pl. I, Fig. 1) 
Gedoelst (1911) in his work stated "Amoeba intestinalis: est un hOte 
normal de l 'intestin du cheval, du pore, du chat, du dindon et probablement 
d'autres animaux". In 1920 Fantham found on two occasions a few 
amoebae in the colon of horses at Onderstepoort. He referred them to 
Amoeba (Entamoeba) intestinalis Gedoelst. Next year he found them in 
the cecum of the horses in very small numbers. 
The writer also found on several occasions amoebae in the large in-
testine of the horse in small numbers. On one occasion the number of 
amoebae was large enough to permit the making of permanent prepara-
tions. 
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The size of this amoeba ranges from 6.5 to 12.5 p. by 6 to 11 p.. Its 
food vacuoles contain bacteria. The nucleus is similar to the Endamoeba 
coli type. The karyosome, surrounded by a halo, is eccentric in positio:p.. 
Since the name proposed by Gedoelst was preoccupied by Amoeba 
intesti'IULlis Blanchard, 1885, the writer suggests Endamoeba gedoelsti in 
honor of the first observer. 
Habitat : cecum and colon. 
Geographic distribution: Belgium, S. Africa, U. S. A. 
Endamoeba equi Fantham, 1921 
Fantham (1921) observed another kind of amoeba in the feces of two 
horses showing signs of intestinal malaise. It has the appearance of 
Endamoeba histolytica of man, except that it is rather larger and possesses 
an oval instead of a round nucleus. It ingests red blood corpuscles. The 
tropho~oites were variable in size, but fully extended ones measured 40 p. 
to 50 p. by 23 p. to 29 p., while rounded ones measured 28 p. to 35 p.. The 
cyst contained chromatoid bars, and four nuclei were pr.esent in the mature 
cyst. The diameter of cysts measured was 15 p., 20 p., and 24 p.. 
Geographic distribution: S. Africa. 
b. Class : MASTIGOPHORA Diesing, 1865 
Subclass: ZOOMASTIGINA Doflein, 1916 
Order: Protomonadina Blochmann, 1895 
Family: MONADIDAE Kent, 1880 
Genus : OIKOMON AS . Kent, 1880 
Oikomonas equi, sp. nov. 
(Pl. I , Figs. 2-3) 
Small flagellates each of which possesses a single flagellum were encoun-
tered by the writer in the material taken from the large intestine of the 
horse. The body-shape is variable but most of them show either a spherical 
or an oval shape. They are colorless and swim in a jerky manner. On one 
occasion this material was fixed in Schaudinn 's fluid and stained with iron-
hematoxylin. It possesses a spherical nucleus with a large central karyo-
some. It is situated at the anterior end. Near the surface of the anterior 
end of the body there is a blepharoplast, from which arises a single flagel-
lum which is about four times as long as the body. The cytoplasm is filled 
with small dark staining granules. Its body length varies from 3.5 to 7 p. 
and its width varies from 3 to 5.5 p.. The length of the flagellum is about 
20 /J.. 
Habitat: cecum. 
Geographic distribution: U. S. A. 
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Family : TRICHOMONADIDAE Wenyon, 1926 
Genus: TRICHOMON AS Donne, 1837 
Trichomonas equi Fantham, 1921 
(Pl. I, Fig. 4) 
Fantham (1921) has observed very rarely and in very small numbers 
Trichomonas in the intestine and feces of two horses. A fresh specimen 
measured 11 ft by 6 ft· On several occasions the writer also noted Trich-
omonas in the material collected from the large intestine of the horse. On 
one occasion some permanent preparations were made. · 
The flagellate seems to possess three anterior flagella and an undulat-
ing membrane. The axostyle is slender. The nucleus is anterior with a 
large karyosome. The measurements vary from 4 to 6.5 ft by 3 to 5 ft· 
Habitat: cecum and colon. 
Geographic distribution: S. Africa, U. S. A. 
Family: CALLIMASTIGIDAE Fonseca, 1915 
Genm; : CALLIMASTIX w eissenberg,, 1912 
Callimastix equi Hsiung, 1929 
(Pl. I, Fig. 5) 
Specific diagnosis.-Callimastix: The body is more or less kidney 
shaped and is rounded in cross-section. Its hilus it at the anterior third 
of the body. Just behind the hilus there is a clear, granule-free area, 
on the margin of which lie 12-15 basal granules. These basal granules give 
rise to 12-15 flagella. The rest of the cytoplasm is filled with deeply stain-
ing granules. The nucleus is 3 ft in diameter and shows a large karyosome. 
It is situated near the center of the body. The length of this flagellate 
ranges from 12-18 ft, with a mean of 14.4 ft· The width ranges from 7-10 ft, 
with a mean of 8.16 ft· The length of the flagella ranges from 25-30 ft· In 
living specimens these flagella are united and function as a unit. 
This flagellate resembles closely CaUimastix frontalis Braune, which is 
usually found in the stomachs of cattle, sheep and goats. It differs, how-
ever, from C. frontalis morphologically by its large size and the central 
location of its nucleus. Physiologically, it is found in the large intestine 
of the horse. 
Habitat: cecum and colon. 
Geographic distribution: U. S. A. 
Order: Polymastigina Blochmann, 1895 
Family: DIS TOMA TIDAE Senn, 1900 
Genus: GIARDIA Kiinstler, 1882 
368 TA-SHIH HSIUNG 
Giardia equi Fantham, 1921 
Fantham (1921) found Giardia in post-mortem material from the large 
colon of the horse which died in the district of Pretoria. The parasites 
were extremely few in number and observations were limited to the fresh 
state. 'l'he trophozoite gave measurements of 20 JL by 10 p.. 
The writer has never been able to find Giardia in the large intestine 
of the horse. Its appearance there may have been due to migration after 
the death of the host. 
Habitat: colon. 
Geographic distribution: S. Africa. 
Subphylum: CILIOPHORA Doflein, 1901 
Phylum diagnosis.-Bearing cilia during entire or part of the life 
history; nuclear elements organized into larger macro-nucleus and smaller 
micro-nucleus. 
Class 1: CILIATA Perty, 1852 
Class diagnosis.-Cilia present throughout the life of the organism. 
Key to the Orders of Ciliata 
1. Body with adoral zone of membranelles . . . . . . . . . . . . . . . . . . . . 2 
Body without adoral zone of membranelles .............. H olotrichida 
2. Body covered with cilia ............................. H eterotrichida 
Cilia on body absent or much reduced .................. Oligotrichida 
Order: Holotrichida Delage and Herouard, 1896 
Order diagnosis.-A definite cytostome may or may not be present; 
cilia are more or less even length. 
Suborder: Stoma tea W enyon, 1926 
Suborder diagnosis.-Holotrichida which are provided with a cyto-
stome. 
Key to Sections of Stomatea 
1. Mouth usually closed; oral membranes absent .......... Gymnostomata 
Mouth usually opened; oral membranes present ......... Trichostomata 
Section 1: GYMNOSTOMATA Buetschli, 1889 
Section diagnosis.-Cytostome usually closed, unprovided with cilia or 
membranes; esophagus, if present, naked or supported by rod-apparatus; 
peristome usually absent. 
Family (1): BUETSCHLIIDAE Poche, 1913 
Family diagnosis.-Round cytostQIIle at the anterior end, at the poster-
ior end a cytopyge. Body either uniformly covered with cilia or limited to 
certain areas. Concretion vacuole containing a mass of granules near 
anterior end. One or more contractile vacuoles. 
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Type-genus: Buetschlia Schuberg, 1888. 
To this family the writer adds the following genera from the horse: 
Didesmis Fiorentini, 1890; Blepharoprosthium Bundle, 1895 ; Blepharos-
phaera Bundle, 1895 ; Holophryoides Gassovsky, 1919 ; Blepharozoum 
Gassovsky, 1919; Prorodonopsis Gassovsky, 1919; Paraisotrichopsis Gas-
sovsky, 1919; Blepharoconus Gassovsky, 1919; Bundleia Cunha et Muniz, 
1928; Alloiozona Hsiung, 1930; Polymorpha Dogiel, 1929 and Ampullacula 
gen. nov. 
Hickson (1903) referred the genera Blepharocodon, Blepharoprosthium 
and Blepharosphaera to the family Prorotrichina, Buetschli, 1889. Poche 
(1913) made a new name, family Buetschliidae, to include Buetschlia 
Schuberg as well as the other three genera described by Bundle. Didesmis 
was included in the family Ophryoscolecina Stein, 1858, by Hickson, al-
though he admitted that it should be separated from that family. Poche 
included the genus Dide$1Ilis in his new family Cycloposthiidae. It was 
Cunha (1919) who transferred Didesmis to the family Buetschliidae. Be-
cause of the absence of a concretion vacuole inside the cytoplasm, the 
genus Blepharocodon Bundle, 1895 should be removed from the family 
Buetschliidae. 
Key to the Genera of Buetschliidae 
1. Body covered with fine cilia, neck covered with thick and long 
cilia . ...................... . ........................ Ampullacula 
Body uniformly covered with cilia . . . . . . . . . . . . . . . . . . . . . . . 2 
Body cilia limited to certain areas . . . . . . . . . . . . . . . . . . . . . . . . 5 
2. Presence of a spiral groove ....................... Paraisotrichopsis 
Absence of a spiral groove . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
3. Wide anterior peristome; contractile vacuole single ..... H olophryoides 
Oral aperture bent to one side; contractile vacuole two or more 4 
4. Body length less than 100 µ.; macronucleus sausage-
sha ped ...................... . ................ . ...... Prorodonopsis 
Body length more than 200 µ.; macronucleus bean-shn.ped.Blepharozoum 
5. Body cilia arranged in two zones . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
6. Body cilia limited to both anterior and posterior extremities . . 7 
Body cilia limited to at least anterior half of the body and pos-
terior extremity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
7. "Y~de anterior peristome ;posterior cilia as numerous as anterior . . 
c1ha ..... .. ............................................ Didesmis 
Small anterior peristome; a few posterior cilia ............. Bundleia 
8. Body cilia covered more than half of the body ; only a narrow 
zone between the two ciliary areas .................. Blepharosphaera 
Body cilia covered less than half of the body; wide zone between 
the two ciliary areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
9. Rod-like or fibrous structures present inside the cytoplasm .. 
. . . . . . . . . . . . . . : ....................... : . . . . . . . . . . Blepharoconus 
No such kind of structures present inside the cytoplasm . . . . . 10 
10.Body length more than 50µ.; macronucleus sausage-shaped .. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Blepharoprosthium 
Body length less than 40 µ.; macronucleus disc-shaped .... Polymorpha 
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Genus : DIDESMIS Fiorentini, 1890 
Generic d:iagnosis.----'Buetschliidae: cytostome broad; definite neck 
posterior to the cytostome; cilia at both anterior and posterior ends. 
Type-species : Didesmis quadrata Fiorentini, 1890. 
Key to Species of Didesmis 
1. Without dorsal groove ............... . .... . ........ . ..... D. ovalis 
With dorsal groove . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
2. Body and groove spiral ... . ............ . .......... .. ... . D. spiralis 
Body and groove not spiral ... .. . . .. . .... . .... . ........ D. quadrata 
1. Didesmis ovalis Fiorentini, 1890 
(PL I, Fig. 6) 
Specific diagnosis.-Didesmis : Seen from the dorsal side this proto-
zoon is oval or rectangular in shape, the anterior end being blunt and the 
posterior end tapering. The body is rigid, noncontractile and about 11/2 
times as long as it is wide. It is widest at the middle of the body. Usually 
a slight depression just back of the anterior end forms a short neck. It is 
slightly flattened dorso-ventrally. 
The anterior end is surrounded with long, fine cilia from the cytostome 
to the neck. The second ciliary zone surrounds the cytopyge at the pos-
terior end. The rest of the body is naked. 
The ectoplasm is a thin and homogeneous layer, but considerably thick-
er at both ends. The endoplasm is granular. 
The cytostome is situated at the middle of the anterior extremity of 
the body. The esophagus is short and funnel-shaped. The cytopyge lies 
at the middle of the posterior extremity and it is connected by an anal tube. 
The macronucleus is situated in the middle of the body just a little 
to the right. It is irregular oval in shape and distinctly granular. A 
small elipsoidal and very refractive micronuclcus is situated in a depression 
of the right surface of the macronucleus. 
A concretion vacuole which contains numerous small refractive con-
cretion granules lies near the anterior end of the macronucleus and a little 
to the right of it. 
A contractile vacuole is situated on the right side in the posterior 
ventral part of the body. The second contractile vacuole as referred to 
by Bundle could not be confirmed. Reproduction is by transverse fission. 
The measurements of 49 specimens yields the following results : 
Range ... .. . .... . .... . . 
Mean . . . . . .. .. ........ . 
Standard deviation . .... . 
Coefficient of variation . . . 
Habitat: cecum and colon. 
Length 
34 - 55 µ. 
46.45 ± 0.47 µ. 
4.96 µ. 
10.67 % 
Width 
27 - 40 µ. 
31.70 ± 0.20 µ. 
2.10 µ. 
6.62 % 
Geographic distribution: Italy, Russia, U. S. A. and Germany. 
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2. Didesmis quadrata Fiorentini, 1890 
(PL I, Fig. 7) 
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Specific diagnosis.-Didesmis: In general shape and texture this 
protozoon is similar to the preceding species except for the presence of 
a deep, wide, highly refractive groove on the dorsal surface. It is about 
1% times as long as it is wide. It is widest at the middle. A neck is also 
present and it is also dorso-ventrally flattened. This groove runs longi-
tudinally on the dorsal surface parallel to the long axis of the body. Its 
anterior end extends near to the cytostome while its posterior end extends 
to the vicinity of the anal tube. Numerous fine, transverse striation can 
usually be seen in the groove. The ventral surface is slightly concave and 
there is not any sharp ridge as is referred to by Bundle. The two ciliary 
zones are also the same as in the preceding species. 
The cytostome is situated at the middle of the anterior extremity of 
the body. The esophagus is short and funnel-shaped. It is smrounded 
with long and fine cilia. The cytopyge lies at the middle of the posterior 
extremity. It is connected by an anal tube. The anal area is also surround-
ed by cilia. 
The macronucleus is spindle shaped and granular and is situated at 
the middle of the body under the groove, a little to the right side. A small 
ellipsoidal micronucleus is situated in a depression at the right side of the 
macronucleus. 
A concretion vacuole which contains numerous small refractive con-
cretion granules lies near to the anterior end of the macronucleus and a 
little to the right of it. It lies close to the ventral side of the body. 
A contractile vacuole is situated on the right side in he posterior ven-
tral part of the body. The second contractile vacuole mentioned by Bundle 
could not be confirmed. Reproduction is by transverse fission. 
The measurements of 25 specimens yielded the following results: 
Range ................. . 
Mean ............... . .. . 
Standard deviation ..... . 
Coefficient of variation .. . 
Habitat: cecum and colon. 
Length 
50 - 90 µ. 
68.84 ± 1.33 µ. 
9.93 µ. 
14.21 % 
Width 
33 - 68 µ. 
48.44 ± 1.08 µ. 
8.10 µ. 
16.72 % 
Geographical distribution: Italy, Germany, Russia, S. Africa, Brazil, 
U.S.A. 
3. Didesmis spiralis Hsiung, 1929 
(PL I, Fig. 8) 
Specific diagnosis.-Didesmis: In general structure and texture this 
protozoon is similar to D. quadrata Fiorentini, except that it is spirally 
shaped. The dorsal groove runs slightly diagonally to the long axis 0£ the 
body with its anterior end inclined to the right side and its posterior 
end inclined to the left side. Anteriad it reaches the neck and posteriad it 
extends to the vicinity of the anal tube. The ventral side of the body is 
slightly concave. 
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The ciliary zones as in the other species are located at the anterior 
and posterior extremities. The rest of the body is naked. . 
The cytostome is triangular in shape and is situated on the ventral 
side of the anterior end of the body. The esophagus is short and more or 
less funnel-shaped. The cytopyge lies at the posterior end of the body. 
It is connected with a comparatively long anal tube. 
The macronucleus is situated under the groove in the middle and in 
the direction of the long axis of the body a little to the right side. It is 
spindle-shaped and is distinctly granular. The small subspherical micro-
nucleus is situated in a depression on the right ventral surface of the 
macronucleus. 
A concret~on vacuole which contains less than ten refractive concretion 
granules lies near the anterior end of the macronucleus and a little to the 
right of it. A contractile vacuole is usually situated in the posterior ventral 
part of the body. Reproduction is by transverse fission. 
The measurements of 27· specimens yield the following results: 
Range ................ .. 
Mean ................... . 
Standard deviation ..... . 
Coefficient of variation .. . 
Habitat: cecum. 
Length 
60 - 94 µ. 
75.96 -+- 1.07 µ. 
8.22 µ. 
10.83 % 
Geographic distribution: U. S. A. 
Genus: BLEPH.AROPROSTHIUM Bundle. 1895 
Width 
38 - 54 µ. 
43.1 ± 0.51 µ. 
3.97 µ. 
9.21 % 
Generic diagnosis.-Buetschliidae: Anterior half of body contractile 
and ciliated ;small tuft of anal cilia; macronucleus sausage-shaped. 
Type-species: Blepharoprosthium pireum Bundle, 1895. 
Blepharoprosthium pireum Bundle, 1895 
(Pl. I, Figs. 9-10) 
Synonym: Blepharoprosthiiim miisculus Dogie!, 1929. 
Specific diagnosis.-Blepharoprosthium: The body is pearshaped. It 
tapers toward the anterior end, while the posterior half is hemispherical. 
Its anterior end is contractile and ciliated. There is also a small tuft of 
anal cilia. The space between these two ciliary zones is naked. 
The cytostome is anterior and is followed by a funnel-shaped esoph-
agus. The cytopyge is at the posterior end. 
The ectoplas,m is a homogeneous layer, while the endoplasm is coarsely 
granular and is filled with large granules and particles of food. The an-
terior is always clear. The writer has seen Blepharocorys uncinata inside 
the cytoplasm on two occasions. When the organism swims, the body shape 
is cylindrical and the anterior end is truncated. When the anterior end 
is in contact with an object, the cytostome widens and the organism twists 
itself around. 
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The macronucleus is sausage-shaped and is not constant in its position. 
A subspherical micronucleus lies at the middle of the inner curvature of 
the macronucleus. 
A concretion vacuole which contains numerous granules is situated 
at the anterior half of the body close to the surface. The ectoplasm slightly 
bulges above it. These is a contractile vacuole at the posterior end. Re-
production is by transverse fission: 
Measurements of 49 specimens yielded the following results: 
Range . ......... .. ... . . . 
Mean ..... ............ . . 
Standard deviation .. ... . 
Coefficient of variation .. . 
Habitat: cecum and colon. 
Length 
54 - 86 µ. 
70.67 ± 0.82 µ. 
8.65 µ. 
12.24 % 
Width 
34 - 52 µ. 
44.61 ± 0.41 µ. 
4.35 µ. 
9.75 % 
Geographic distribution: Germany, Russia, U. S. A. 
Genus: BLEPHAROSPHAERA Bundle, 1895 
Generic diagnosis.-Buetschliidae: Body spherical or ellipsoidal; uni-
formly covered with cilia except at the posterior part; anal cilia present. 
Type-species: Blepharosphaera intestinalis Bundle, 1895. 
Key to the Species of Blepharosphaera 
1. Body spherical . ................ .. ... .............. . B. intestinalis 
Body ellipsoidal . ...... . .....•...... ... ........... . . B. ellipsoidalis 
1. Blepharosphaera intestinalis Bundle, 1895 
(PL I , Fig. 11) 
Specific diagnosis.-Blepharosphaera: Body is spherical. Its form 
is constant. It is uniformly covered with cilia except at the posterior part. 
At the posterior extremity, there are usually a few anal cilia. 
The ectoplasm is a homogeneous layer. The endoplasm is granular and 
contains food particles. The anterior end is usually much more clear. 
The cytostome is circular and is surrounded by dense cilia. It leads into 
a short funnel-shaped esophagus. The cytopyge is indistinct. 
The macronucleus is not constant in its position. It is a thick ellip-
soidal disc. A small subspherical micronucleus can usually be found at 
the end of the macronucleus. 
A concretion vacuole containing numerous granules is located at the 
anterior part of the body just anterior to the middle. At the same side of 
the posterior part of the body there is a large contractile vacuole. Divid-
ing forms have not been observed. 
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Measurements of 25 specimens yield the following results : 
Length Width 
Range ................. . 38 - 74 µ. 38 - 74 µ. 
Mean .................. . 48.36 µ. 48.36 µ. 
Habitat: cecum and colon. 
Geographic distribution: Germany, U. S. A. 
2. Blepharosphaera ellipsoidalis sp. nov. 
(Pl. I, Fig. 12) 
Specific diagnosis.-Blepharosphaera: Body is ellipsoidal. The other 
characters are almost identical with those of B. intestinalis. It is also uni-
formly covered with cilia except at the posterior part. The anal cilia are 
also present. The cytostome is circular and the esophagus is longer and 
triangular. The cytopyge is distinct. 
The marconucleus is not constant in its position. It is sausage-shaped. 
The small subspherical micronucleus is situated in the depression at the 
end of the macronucleus. 
The concretion vacuole is located nearer to the anterior end. The 
small contractile vacuole is located near the cytopyge. Dividing forms 
have not been observed. 
Measurements of 25 specimens yield the following results: 
Range ................. . 
Mean ........... . ...... . 
Habitat: cecum and colon. 
Geographic distribution: U. S. A. 
Length 
34 - 65 µ. 
50.52 µ. 
Genus: HOLOPHRYOIDES Gassovsky, 1919 
Width 
27 - 49 µ. 
39.36 µ. 
Holophryoides ovalis (Fiorentini, 1890) Gassovsky, 1919 
(PL I, Fig. 13) 
Synonym.-Paraisotricha ovalis Fiorentini, 1890; Paraisotricha 
triangiilaris Fiorentini, 1890. 
Specific diagnosis.-Holophryoides: "Body oviform or elliptical, cov-
ered entirely with dense cilia. Oral aperture at the end of a conifor,m pro-
jection in a wide p.eristome. Cytopyge near posterior end of the body. A 
short proctodeum is present. Ectoplasm forms an accumulation at the 
anterior part of the body. Contractile vacuole-single, in the posterior 
end of the body. In its anterior third there is a 'vacuole with concretions'. 
Macronucleus elliptical. In a depression at one of its ends lies the micro-
nucleus. Measurements: 95-140 µ. x 65-90 µ.. This was referred by 
Fiorentini (1890) to the genus Paralisotrichci." 
Habitat: cecum and colon. 
Geographic distribution: Italy, Russia. 
Genus: BLEPHAROZOUM Gassovsky, 1919 
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Blepharozoum zonatum Gassovsky, 1919 
(Pl. I, Fig. 14) 
Specific diagnosis.-Buetschliidae: ''Body oviform, covered with long 
and fine cilia. When the infusor moves the cilia adhere nearer to the 
surface of the body in two places of the body forming two constrictions, 
so that the whole ciliary area is divided into three zones. The oral apera-
ture is situated near the apex of the wide end of the body. The cytopyge 
-near its posterior end. Contractile vacuoles-2-4; one in the posterior 
end of the body. In its anterior end is situated a 'vacuole with concre-
ments '. Macronucleus bean-shaped. In the middle of its flat side lies the 
micronucleus. Measurements: 230-245 ,_,, x 115-122 ,_,,.'' 
Habitat: cecum. 
Geographic distribution: Russia. 
Genus: PRORODONOPSIS Gassovsky, 1919 
Prorodonopsis coli Gassovsky, 1919 
(Pl. I, Fig. 15) 
Specific diagnosis.-Buetschliidae: "Body oviform. Anterior end 
with oral aperture somewhat bent to the side. The entire body-surface is 
covered with cilia. The endoplasm contains: 'vacuole with concretions' 
-in the anterior region, a sausage-shaped macronucleus-in the posterior 
half, and 2-3 contractile vacuoles-in the posterior end. 
Measurements: 55-67 ,_,, x 38-45 ,_,,.'' 
Habitat: colon. 
Geographic distribution: Russia. 
Genus: PARAISOTRICHOPSIS Gassovsky, 1919 
Paraisotrichopsis composita Gassovsky, 1919 
(Pl. I, Fig. 16) 
Specific diagnosis.-Buetschliidae: ''Body elliptical, covered with 
cilia, except the spiral groove. The latter begins from the oral aperture 
in the anterior part of the ventral side of the body, passes along the dorsal 
surface and terminates at the posterior end of the body. Owing to the 
groove the latter seems to be composed of two halves displaced with regard 
to each other in the direction of the long axis. In the anterior part of 
the en do plasm lies the 'vacuole with concretions', the elongated macro-
nucleus and micronucleus, in the posterior part-the contractile vacuole. 
Measurements: 43-56 ,_,, x 31-40 ,_,,." 
Geographic distribution: Russia. 
Genus: BLEPHAROCONUS Gassovsky, 1919 
Generic diagnosis.-Buetschliidae: Small terminal peristome. An-
terior and posterior ends of the body covered with cilia. Esophagus guard-
ed by rod-like structure. 
Type-species: Blepharoconus hemici1iatus Gassovsky, 1919. 
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Key to the Species of Blepharoconus 
1. Body cone-shaped; body length more than 83 µ. .....•. . B. hemiciliatus 
Body ovoid or ellipsoid; body length less than 83 µ. • • • • • • • • • 2 
2. Body length more than 50 µ.; three contractile vacuoles .... B. cervicaiis 
Body length less than 40 µ.; a single contractile vacuole ... B. benbrooki 
1. Blepharoconus hemiciliatus Gassovsky, 1919 
(PL I, Fig. 17) 
Specific diagnosis.-Blepharoconus: ''Body conical. . Cilia covering 
only the anterior part of the body. Besides a small number of cilia sur-
rounded the cytopyge with the proctodeu,m at the posterior end. The cyto-
plasm is transparent. Contractile vacuole in the number of three; one-
posteriorly to the 'vacuole with concretions,' two others-on the opposite 
side of the body. The macronucleus is nearly spherical. At one of its ends 
lies the micronucleus. Measurements: 83-135 x 45-65 µ.." 
Habitat: colon. 
Geographic distribution: Russia. 
2. Blepharoconus cervicalis Hsiung, 1930 
(Pl. I, Fig. 18) 
Specific diagnosis.-Blepharoconus: The body shape is ovoid, with 
blunt anterior and rounded posterior end which is slightly displaced to one 
side. Usually a slight groove which circles the part just back of the an-
terior end forms a short neck. The anterior half of the body is covered 
with long, fine cilia. A bundle of cilia is also found around the cytopyge 
at the posterior part of the body. The rest of the body is naked. 
The ectoplasm is homogeneous. The endoplasm is coarsely granular, 
opaque, and contains particles of food. Just behind the neck the endoplasm 
is slightly transparent. There are many rod-like structures taking their 
origin at the anterior end inside the endoplasm. The peristome is located 
on a knob at the anterior end of the body. The cytopyge is located at 
the posterior end. 
The macronucleus is indefinite in its position. It is more or less disc-
shaped and distinctly granular. An ellipsoidal micronucleus is situated 
in a depression at the margin of the macronucleus. 
An ellipsoidal concretion vacuole which contains a small number of 
granules is situated behind the neck. The ectoplasm slightly bulges above 
it. There are three contractile vacuoles; one is located just behind the 
concretion vacuole, and the other two on the opposite side. Reproduction 
is by transverse fission. 
The measurements of 36 specimens yield the following results: 
Range ................. . 
Mean .................. . 
Standard deviation ..... . 
Coefficient of variation .. . 
Habitat: colon. 
Length 
56 - 83 µ. 
70.33 ± 0.80 µ. 
7.25 µ. 
10.30 % 
Geographic distribution: U. S. A. 
Width 
48- 70 µ. 
57.00 ± 0.65 µ. 
5.81 µ. 
10.17 % 
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3. Blepharoconus benbrooki sp. nov. 
(PL I, Fig. 19) 
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Specific diagnosis.-Blepharoconus: The body shape varies from ovoid 
to ellipsoid. The anterior end forms a knob and the posterior end is 
rounded. The anterior end of the body is covered with long, fine cilia and 
the posterior end is also covered with a smaller bundle of long, fine anal 
cilia. The rest of the body is naked. 
The ectoplasm is homogeneous and the endoplasm is granular and con-
tains small particles of food. There are :fibrous structures inside the 
endoplasm. They take their origin at the anterior end and converge pos-
teriad a little to the side. The cytopyge which is surrounded by the anal 
cilia is located at the posterior end. 
The macronucleus is indefinite in its position. It is a thick disc and dis-
tinctly granular. An ellipsoidal micronucleus is situated in a depression at 
the margin of the macronucleus. 
There is a large ellipsoidal concretion vacuole which contains a large 
number of granules situated at the anterior end with one of its ends placed 
near to the surface. The ectoplasm slightly bulges above it. There is a 
large contractile vacuole at the posterior end of the body near to the anal 
opening. Dividing forms have not been observed. 
Measurements of 25 specimens yield the following results: 
Length Width 
Range . . . . . . . . . . . . . . . . . . . 21- 37 µ. 17-26 µ. 
Mean . . . . . . . . . . . . . . . . . . . 28.40 -+- 0.62 µ. 20.92 ± 0.21 µ. 
Standard deviation . . . . . . 4.63 µ. 2.17 µ. 
Coefficient of variation . . . 16.32 % 10.37 % 
Habitat: colon. 
Geographic distribution: U. S. A. 
The writer takes great pleasure in naming this species after Dr. E. A. 
Benbrook of the Veterinary Pathology Department. 
Genus: BUNDLEIA Cunha et Muniz, 1928 
Generic dia:gnosis.-Buetschliidae: Cilia at anterior and posterior 
ends ; cytostome small. 
Type-species: Bundelia post cilia (Bundle, 1895) Cunha et Muniz, 
1928. 
Bundleia postciliata (Bundle, 1895) Cunha et Muniz, 1928 
(PL I, Fig. 20) 
Synonym: Buetschlia postciliata Bundle, 1895. 
Specific diagnosis.-Bundleia: Body is slightly flattened dorso-ven-
trally. The lateral surfaces are slightly convex and converge gently toward 
the posterior end. At the anterior part it tapers sharply and is finally 
truncated at the anterior extremity. Its posterior extremity is also trun-
cated. Both anterior and posterior ends are provided with long, fine cilia. 
The rest of the body is naked. 
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The ectoplasm is homogeneous and thickened and its endoplasm is 
coarsely granular. The peristome is located at the anterior end and is 
followed by a short funnel-shaped esophagus. The cytopyge is located at 
the posterior extremity and is followed by an anal tube. 
The macronucleus is indefinite in . its position. It is ellipsoidal in 
shape and distinctly granular. A small subspherical micronucleus is sit-
uated at the side of the macronucleus. 
A small concretion vacuole is found at the right side near to the anterior 
end. It contains a small nu.mber of concretion granules. A small con-
tractile vacuole is usually found at the left corner of the posterior end. 
Reproduction is by transverse division. 
The measurements of 18 specimens yield the following results: 
Range . ................ . 
Mean ......... . ....... . 
• Habitat: cecum and colon. 
Length 
30 - 56 p. 
41.88 p. 
Width 
17 - 32 p. 
25.55 p. 
Geographic distribution: Germany, S. Africa, U. S. A., Brazil. 
Genus: ALLOIOZONA Hsiung, 1930 
Generic dia:gnosis.-Buetschliidae: Body cilia divided into three 
zones; areas between these ciliary zones are naked. 
Type-species: A.lloizona trizona Hsiung, 1930; only species of the 
genus. 
Alloiozona trizona Hsiung, 1930 
(Pl. II, Figs. 21-22) 
Spcific diagnosis.-Alloiozona: This protozoon is ovoid with both 
ends rounded. The posterior end is more tapering than the anterior end. 
The body is less than twice as long as it is wide. It is widest at the middle. 
The body cilia are arranged in definite striations in three distinct zones,-
the anterior, the middle and the posterior. The areas between these three 
ciliary zones are naked. 
The ectoplasm is a thin homogeneous layer except it is thicker above 
the concretion vacuole. The endoplasm is granular and contains large 
particles of food. The cytostome is at the anterior end which is surrounded 
by a shallow groove provided with short cilia. The esophagus is funnel-
shaped. The cytopyge is situated on a knob at the posterior end and a 
short anal canal can also be seen. 
The macronucleus is not constant in its position. It is more or less 
a thick disc and distinctly granular. A subspherical micronucleus is sit-
uated in a depression at the margin of the macronucleus. 
A large concretion vacuole which contains numerous small, highly 
refractive concretion granules is situated near the surface at the anterior 
third of the body. A small contractile vacuole is usually found at the pos-
terior end. Reproduction is by transverse fission. Specimens parasited 
by Sphaerita have also been observed. 
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Measurements of 36 specimens yield the following results: 
Range ................. . 
Mean .................. . 
Standard deviation ..... . 
Coefficient of variation .. . 
Length 
50 - 90 µ. 
73.50 -+- 1.00 µ. 
9.04 µ. 
12.29 % 
Habitat: cecum and colon. 
Geographic distribution: U. S. A. 
Genus: POLYMORPHA Dogiel, 1929 
Width 
30 - 60 µ. 
47.05 ± 0.56 µ. 
5.05 µ. 
11.58 % 
Generic diagnosis.-Buetschliidae: Body flask-shaped; anterior part 
ciliated; small tuft of anal cilia; macronucleus disc-shaped. 
Type-species: Polymorpha ampulla Dogiel, 1929. 
Polymorpha amp.ulla Dogiel, 1929 
(Pl. II, Fig. 23) 
Specific diagnosis.-Polymorpha: Body is flask-shaped. Its ante.rior 
end is ciliated and there is also a small tuft of anal cilia at the posterior end. 
The ectoplasm is a homogeneous layer while the endoplasm is slightly 
granular and contains small food particles. The anterior end is clear 
and noncontractile. The cytostome is at the anterior end and is followed 
by a small triangular esophagus. The cytopyge is posterior. 
The macronucleus is disc-shaped and is not constant in its position. A 
spherical micronucleus lies at its side. The concretion vacuole which 
contains only a few granules is situated in the anterior half of the body and 
it is more or less spindle-shaped. A contractile vacuole is situated at the 
posterior end. 
Measurements of 25 specimens yield the following results: 
Range ........... .. ... . . 
Mean ..... . ............ . 
Standard deviation ..... . 
Coefficient of variation .. . 
Habitat: cecum and colon. 
Length 
22 - 36 µ. 
29.20 ± 0.45 µ. 
3.41 µ. 
11.67 % 
Geographic distribution: Russia, U. S. A. 
Genus: AMPULLACULA gen. nov. 
Width 
13 - 21 µ, 
15.88 ± 0.27 µ. 
2.04 µ. 
12.84 % 
.,, . 
"\ 
Generic diagnosis.-Buetschliidae: Body is covered with fine cilia, 
while neck is covered with thick and long cilia. 
Type-species: (Paraisotricha) amp1tlla Fiorentini, 1890. 
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Ampullacula ampulla (Fiorentini, 1890) 
(Pl. II, Fig. 24) 
Synonym: Paralisotricha ampulla Fiorentini, 1890. 
Specific diagnosis.-Ampullacula: ''As a whole it presents the form 
of a flask and is covered with two very different kinds of cilia; that is, the 
body is covered with fine, almost imperceptible cilia, while the neck is cov-
ered with thick and long cilia; the neck ends in a very small peristome. 
One observes likewise an endoplasm as if made of balls, a nucleus, pig-
mented masses and the usual hyaline zone.'' 
Its measur.ements are: Length 110 µ.; width 40 µ.. 
Geographic distribution: Italy. 
Since it deviates from the generic characters of Paraisotricha, it seems 
advisable to the writer to remove it from the genus. The new generic name, 
Ampullacula, is therefore proposed. 
SYSTEMATIC POSITION UNCERTAIN 
Genus: BLEPHAROCODON Bundle, 1895 
Blepharocodon appendiculatus Bundle, 1895 
(Pl. II, Fig. 25) 
Specific diagnosis.-Body is bell-shaped. The oral end is bi·oad and 
tapers toward the aboral end which is rounded. At the anterior end there 
is a tongue-shaped projection. The body is rigid, inelastic and non-con-
tractile. Cilia are found only at the anterior end. 
The ectoplasm is a thin homogeneous layer and the endoplasm is gran-
ular and contains food particles. The peristome occupies the whole 
anterior end is connected by an esophagus. A row of oral cilia circles 
around the peristome. No anal opening was observed. 
The macronucleus is ovoid and coarsely granular and it is situated at 
the anterior end. No micronucleus was found. No contractile vacuole was 
observed. Dividing form was also not observed. 
Measurements of five specimens yield the following results: mean 
length 35 µ., mean width 11 µ., mean thickness 10 µ.. 
Habitat: cecum. 
Geographic distribution : Germany. 
Since this form does not have a concretion vacuole, it should be re-
moved from the family Buetschliidae, one of whose generic characters is 
the possession of the concretion vacuole. 
Section 2: TRICHOSTOMATA Buetschli, 1889 
Section diagnosis.-Cytostome permanently open, provided with cilia 
or membranes; esophagus, if present, ciliated or bearing membranes; peris-
tome usually present. 
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Key to the Families of Trichostomata 
1. Body uniformly covered with cilia; concretion vacuole present 
.................................................. Paraisotrichidae 
Body cilia limited to certain areas; concretion vacuole absent 
.................................................. Blepharocoridae 
Family: P .ARAISOTRICHIDAE Cunha, 1916. 
Family diagnosis.-Trichostoma: Body uniformly covered with cilia 
in slightly spiral longitudinal rows; a tuft of longer cilia at anterior end; 
cytostome just ventral to anterior concretion vacuole. Single contractile 
vacuole at posterior end. 
Type-genus: Paraisotricha Fiorentini, 1890. 
Hickson (1903) referred Paraisotricha Fiorentini to the family Iso-
trichina Buetschli, 1887. Poche later referred it to the family Isotrichidae 
Schouteden, 1906. It was again Cunha (1917) who made a new family 
Paraisotrichidae for the genera Paraisotricha and Blepharocorys. 
Genus: P ARAISOTRICHA Fiorentini, 1890 
Generic diagnosis.-Paraisotrichidae: With the characters of the 
family. 
Type-species: Paraisotricha colpoidea Fiorentini, 1890. 
Key to Species of Parwisotricha 
1. Only 11 ciliary striations on the whole body surface ....... . P. beckeri 
More than 11 ciliary striations on the whole body surface . . . . 2 
2. Body more than 70 µ.in length ........................ . P. colpoidea 
Body less than 70 µ.in length ............................ . P. tninuta 
1. Paraisotricha colpoidea Fiorentini, 1890 
(PL II, Fig. 26) 
Synonyms: Paraisotricha oblonga Fiorentini, 1890; Paraisotricha 
truncata Bundle ,1895 ; Paraisotricha incisa Fiorentini, 1890; Paraisotricha 
magna Dogiel, 1929. 
Specific diagnosis.-Paraisotricha: The body is ovoid. It is some-
what elastic, and is about twice as long as it is wide. It is widest in the 
region just anterior to the middle of the body. The body is covered with 
fine cilia which are borne in grooves on tops of ridges. These cilia bearing 
ridges comprise 34 to 40 more or less spiral rows. These striations run spir-
ally forward, turning toward the right, from the aboral pole where they 
have their points of origin about the cytopyge. Some of these striations stop 
at the ventral margin of the cytostome, but the remainder continue to the 
anterior end where the longer frontal cilia of the head region originate. 
These frontal cilia are just a trifle longer than the rest of the body cilia. 
It is not true that they are five times as long as the rest, as Bundle has 
stated. 
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The ectoplasm is homogeneous, while the endoplasm is granular and 
contains particles of food. The cytostome is a slanting slit with the right 
end more anterior on the ventral side of the anterior end of the body. Its 
ventral lip is guarded by a row of short cilia which extends to the right 
beyond the cytostome. 'fhe esophagus is long, funnel-shaped and is ciliated 
along its left lateral wall. The cytopyge is a longitudinal slit located dorso-
ventrally and a little to the left at the posterior end of the body. There is 
a short anal tube. 
The macronucleus is a thick ellipsoidal disc and it is not constant in 
its position. It is distinctly granular. The small subspherical micronu-
cleus is situated in a depression at the end of the disc-shaped macronucleus. 
No second micronucleus is observed. 
A large concretion vacuole which contains numerous refractive con-
cretion granules occupies nearly the whole anterior extr.emity of the body. 
A large contractile vacuole is situated in the posterior half of the body, a 
little to the right. There are no contractile vacuoles on the side of the 
esophagus. Reproduction is by transverse fission. Exconjugants have been 
observed. Specimens parasitized by Sphaerita have also been noted. 
Measurements of 49 specimens yield the following results: 
Range ................ .. 
Mean .................. . 
Standard deviation ..... . 
Coefficient of variation .. . 
Habitat: cecum and colon. 
Length 
70 -100 µ 
82.69 -+- 0.75 µ 
7.88 µ 
9.52 % 
Width 
42 - 60 µ 
48.55 ± 0.44 µ 
4.62µ 
9.51 % 
Geographic distribution: Italy, Germany, Brazil, U. S. A., Russia. 
Under certain conditions which it has not possible to explain at present 
the posterior part of the living specimen shrivels up to become triangular 
in shape. This peculiarity lead both Fiorentini and Bundle to recognize 
this deformed specimen as a species separate from P. colpoidea. The writer 
was fortunate enough to observe the transformation of specimen of col-
poidea-type to that of oblonga-type, as well as the reverse. It is clear then 
that P. oblonga is just a synonym of P. colpoidea. 
Under other occasions some of the specimens of P. colpoidea will rotate 
constantly in the same spot, finally the anterior part becomes twisted and 
the posterior extremity sunken in. At other times the same specimen will 
swim off in a normal way, the anterior end straightened out but the poster-
ior end still in the truncated condition. The writer ventures to suggest 
that Bundle's P. truncata is just a truncated specimen of P. colpoidea. 
The writer agrees with Bundle's contention that Fiorentini 's P. incisa 
is just a broken specimen of P. colpoidea. 
P. triangularis Fiorentini closely resembles H olophryoides ovalis ex-
cept that its posterior end is triangular in shape. This change of shape 
may be due to the same condition that changes the shape of P. colpoidea. 
Therefore the writer considers that P. triangularis is a synonym of H. 
ovalis. So far the writer has not seen any specimen that resembles P. 
anipulla in over 40 horses that he has examined. If this species is really 
what Fiorentini has figured and described, it should be removed from the 
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genus Paraisotricha and a new genus should be erected for the reception 
of this species. The writer has already suggested the generic name Am-
pullacula. 
2. Paraisotricha beckeri Hsiung, 1930 
(Pl. II, Fig. 27) 
Specific diagnosis.-Paraisotricha: This protozoon resembles the pre-
ceding species in both structure and texture. It is ovoid, the anterior end 
being bluntly pointed and the posterior end rounded. The body is rigid, 
noncontractile, and almost twice as long as it is wide. It is widest at the 
middle. The body is covered with fine cilia, which are borne in grooves on 
tops of ridges. The sides of each groove appear to be two bright lines 
under the lower power of the microscope. These cilia-bearing ridges com-
prise only eleven spiral rows of striations. These striations run spirally 
forward from the aboral pole turning toward the left instead of toward 
the right as with the preceding species. 
The cytostome is also a slanting slit on the ventral side of the anterior 
end, but it is situated more anteriad than the preceding species. The esoph-
agus is also ciliated. The cytopyge is a longitudinal slit at the posterior 
end of the body. 
Both macronucleus and micronucleus resemble those of P. colpoidea 
and their locations in the body are also about the same as those of the 
preceding species. 
The large concretion vacuole which contains six to fifteen refractive 
concretion granules occupies nearly the whole anterior end of the body. 
The large contractile vacuole has the same location as that of P. colpo·idea. 
Reproduction is by transverse fission. 
Measurements of 49 specimens yield the following results: 
Range ............. .... . 
Mean .................. . 
Standard deviation ..... . 
Coefficient of variation .. . 
Length 
52 - 98 ft 
72.77 ± 0.98 ft 
10.28 ft 
14.21 % 
Habitat: cecum and colon. 
Geographic distribution: U. S. A. 
3. Paraisotricha minuta sp. nov. 
(Pl. II, Figs. 28-32) 
Synonym: Paraisotricha colpoidea Dogiel, 1929. 
Width 
30 - 52 ft 
41.57 ± 0.51 ft 
5.32 ft 
10.39 % 
Specific diagnosis.- Paraisotricha: This protozoon resembles P. col-
poidea in every respect, except that it is much smaller. The ciliary stria-
tions are only 20 in number and they run almost straight forward from 
their points of origin about the cytopyge. The concretion vacuole usually 
contains less than 10 small, very refractive concretion granules. The micro-
nucleus is comparatively large and more refractive and is always situated 
at the end of the disc-shaped macronucleus. Reproduction is by transverse 
fission. Exconjugants have been observed. Specimens parasitized by 
Sphaerita have also been noted. 
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Measurements of 49 specimens yield the following results: 
Range ................. . 
Mean .................. . 
Standard deviation ..... . 
Coefficient of variation .. . 
Habitat: cecum and colon. 
Length 
38 - 68 µ. 
53.79 ± 0.57 µ. 
6.03 µ. 
11.21 % 
Geographic distribution: Russia, U. S. A. 
Family BLEPHAROCORIDAE Hsiung, 1929 
Width 
27 - 36 µ. 
31.95 ± 0.23 µ. 
2.39 µ. 
7.48 % 
Family diagnosis.-Trichostomata: Body elongated, generally flat-
tened bilaterally; cytostome just ventral to anterior end, long esophagus 
provided with cilia throughout its length; tufts of cilia only at anterior and 
posterior ends; single contractile vacuole at posterior end. 
Type-genus: Blepharocorys Bundle, 1895. 
Hickson included the genus Blepharocorys in the family Chilifera 
Buetschli, 1887. Again Poche removed it to the family Colpodidae Claus, 
1879. As referred above Cunha included it in his new family Paraiso-
trichidae. Since Blepharocorys does not have a concretion vacuole, which 
is common to the genus Paraisotricha, and the localized ciliary areas, the 
writer (1929) found it necessary to make a new family, Blepharocoridae, 
for the reception of the genera Blepharocorys Bundle and Charon Jameson. 
Key to the Genera of Blepharocoridae 
1. Anal cilia in a single bundle . . ....................... Blepharocorys 
Anal cilia in right and left bundles ....... . ... . ...... . ...... Charon 
Genus: BLEPHAIWCORYS Bundle, 1895 
Generic diagnosis.-Blepharocoridae: Oral vestibule present; with 
dorsal and ventral plates at anterior end, anal plate at posterior end; anal 
cilia in a single bundle. 
Type-species: Blepharocorys uncinata (Fiorentini 1890) Bundle, 1895. 
K ey to Species of Blepharocorys 
1. With anterior corkscrew-like process ................... B. uncinata 
Without anterior process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
2. Anal cilia on dorsal side ............ . ............... . ... B. valvata 
Anal cilia on left side of anal plate . . . . . . . . . . . . . . . . . . . . . . . . 3 
3. Seen frQJil the side macronucleus heart-shaped ..... . B. cardion1icleata 
Seen from the side macronucleus not heart-shaped . . . . . . . . . . 4 
4. Esophagus bent at an angle more than 180° ........... . B. curvigiua 
Esophagus not bent at an angle of 180° . . . . . . . . . . . . . . . . . . . 5 
5. Dorsal plate toothed, body short .................... . . . .. . B. jubata 
Dorsal plate not toothed, body elongated . . ............. .. . B. angusta 
PROTOZOA OF THE LARGE INTESTINE OF THE HORSE 
1. Blepharocorys uncinata (Fiorentini, 1890) Bundle, 1895 
(PL II, Figs. 33-38) 
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Synonyms: Diplodinium uncinatum Fiorentini, 1890; Blepharocorys 
equi Schumacher, 1915. 
Specific diagnosis.-Blepharocorys: This protozoon is elongated and 
irregular in shape, the dorsal side being slightly convex, the ventral side 
slightly concave, and the ends more or less rounded. The body is constant 
in form, rigid, noncontractile and about three times as long as it is thick. 
It is thickest in the region through the posterior ;margin of the ventral lip. 
It decreases slowly in thickness posteriad, but more rapidly anteriad. It 
is slightly flattened bilaterally. 
The ectoplasmm is a thin, refractive and homogeneous layer. The endo-
plasm appears to be slightly granular and contains small particles of food. 
The whole body is covered by a thin, firm and refractive cuticle. There are 
definite longitudinal striations on the cuticle in the living specimens. 
From the dorsal part of the anterior end of this protozoon there 
projects a corkscrew-like anterior process. This process makes two turns 
and is rounded at its anterior extremity. It passes posteriad in an irregu-
lar path through the outer covering of the body and, gradually diminishing 
in thickness, passes along the dorsal side of the esophagus and finally ends 
just posterior to the end of the esophagus. It is clear, highly refractive, 
homogeneous in appearance, and of marked rigidity. Its path through the 
endoplasm can be traced as a bright line. 
The anterior end contains a large vestibule, the lower wall of which 
is formed by a ventral lip. Its dorsal wall is formed by the frontal cap, 
which is covered both dorsally and ventrally with two dorsal plates. The 
left dorsal plate being much the larger of the two. In the anterior part the 
left dorsal plate extends laterally and ventrally around the anterior end 
of frontal cap and ends at a point just to the right and posterior to the 
corresponding end of the right dorsal plate. The main part of the plate 
arches away from the body slightly, curves ventrally around the left side of 
the body and extends along its whole edge over the left margin of the 
ventral lip, thus forming a left lateral wall of the vestibule. Posteriorly, 
however, its margin does not extend as far back as the posterior lateral edge 
of the vestibule; there is left in this region consequently an opening into the 
vestibule posterior to the left dorsal plate. 
The right dorsal plate, like the left, extends laterally and ventrally 
around the end of the frontal cap. The remaining part simply arches away 
from the body laterally and bears little relation to the vestibule. 
Along the ventral margin of the vestibule there is a row of adoral cilia. 
Situated on the anterior dorsal side of this ciliate there is a zone of cilia, 
the dorsal ciliary zone. 
The cytostome is an irregular, poorly definied opening leading directly 
into the large funnel-shaped esophagus. It is situated at the left posterior 
end of the vestibule close to the ventral side o:f the body. 
The esophagus lies in an oblique position with reference to the long 
axis of the body. It is directed dorso-posteriad. The posterior end bends 
sharply to the ventral side. Its lumen gradually narrows as the posterior 
end is approached and disappears at the posterior half of the body. The 
esophagus is ciliated along its dorsal wall with fine cilia, increasing in 
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length and continuous anterj.orly with oral membranelles on the dorsal wall 
of the vestibule. 
The macronucleus is situated in the anterior half of the body, dorsal 
and to the right of the esopha:gus. In general the macronucleus has a 
rather constant size, shape, and position in the animal. In side view it is 
heart-shaped, with the apex extending posteriad. On its dorsal surface 
near the right anterior side there is a small invagination in which the 
micronucleus partly lies. The macronucleus is distinctly granular. The 
micronucleus appears to be more or less homogeneous in structure and is 
ellipsoidal in shape. 
The single contractile vacuole is situated in the posterior ventral part 
of the body in very close relation to the anal tube. 
The cytopyge lies at the posterior end of the body slightly to the ventral 
side and to the right of the anal plate which is a semilunar posterior ex-
tension of the body cuticle. It is connected with an anal tube which extends 
into the body to the vicinity of the contractile vacuole. 
The posterior end of the body around the cytopyge is covered with 
anal cilia. Reproduction is· by transverse fission. 
Measurements of 25 individuals yield the following figures: 
Length Thickness 
Range ................. . 55 - 7 4 µ 22 - 30 µ 
Mean .................. . 65.24 ± 0.70 µ 26.12 -+- 0.29 µ 
Standard deviation ..... . 5.22 µ 2.16 µ 
Coefficient of variation .. . 8.00 % 8.26 % 
The average width of some of the organisms measured is 22 µ. These 
figures show that they are slrghtly larger than those found by both Bundle 
and Schumacher. 
Habitat: cecum and colon. 
Geographic distribution: Italy, Germany, Brazil, S. Africa, U. S. A. 
Schumacher (1915) made a new species Blepharocorys equi out of 
apparently the same protozoon, for he stated, "Blepharocorys equi may be 
distinguished from Blepharocorys uncinata (Fiorentini) by the shape of 
its frontal cap, which in Blepharocorys equi is covered by a right and left 
dorsal plate and by a zone of cilia on its dorsal surface. In Blepharocorys 
uncinata (Fiorentini), as described and figured by Bundle; there are no 
such plates present and the dorsal part of the frontal cap, i. e., the 'Stern-
kuppe' of Bundle, is not ciliated. Furthermore, there is present in Bleph(J;-
rocorys equi a ventral zone of adoral membranelles; this zone is not present 
in Blepharowrys uncinata (Fiorentini)." Although Bundle did not 
describe the dorsal plates, by looking over his figure one will surely notice 
that his "Querspalt" is the demarkation of the dorsal plates from the fron-
tal cap. Furthermore, in Fiorentini 's figure of Diplodinium uncinatum ( = 
BlephMocorys iincinata) the letter "P" also shows the demarkation of the 
dorsal plates from the frontal cap. The misinterpretation on their part 
was undoubtedly due to lack of higher magnifications of their microscopes. 
That the "Sternkuppe" was ciliated was clearly stated in Bundle's descrip-
tion of the genus Blep]w,rocorys, "Ueber dem Mund eine helmartige Stirn-
kuppe. Vlimpern nur auf dieser, um Mund und After, sowie im Schlund; 
der iibrige Korper nackt. '' But Fiorentini misinterpreted it as ciliary 
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corona of a second buccal orifice. As to the presence of the ventral zone 
of adoral me.mbranelles Bundle described it as cilia around the mouth and 
Fiorentini showed it as a ciliary corona of the buccal orifice. 
Therefore Blepharocorys equi Schumacher, 1915, can not be distin-
guished from Blepharocorys uncinata (Fiorentini, 1890), although Schu-
macher did give a better and more detailed description and excellent figures 
of the same protozoon, Blepharocorys uncinata.. I am of the opinion that 
Blepharocory equi Schumacher, 1915, should be made a synonym of 
Blepharocorys uncinata (Fiorentini, 1890). 
As to the development of the anterior process the following observa-
tions were made. During the process of division there is not any sign of 
the extension of the posterior extremity of the anterior process to the 
posterior part of the body where the new individ~al is forming. Further-
more, there is not any indication of the presence of the anterior process 
on the newly formed esophagus. But after the division, the newly formed 
individual shows the presence of a bright line extending forward from 
the dorsal surface of the esophagus to the anterior end of the hook-like 
process of the dorsal plates. Further development shows that the anterior 
extremity of the anterior process breaks through the dorsal plates and grad-
ually pushes out further. 
2. Blepharocorys valvata (Fiorentini, 1890) Bundle, 1895 
(PL II, Fig. 39) 
Synonyms: Entodinium valvatum Fiorentini, 1890; Blepharocorys 
microcorys Gassovsky, 1919. 
Specific diagnosis.-Blepharocorys: Seen from the side, this protozoon 
is more or less elliptical in shape. It is flattened bilaterally. It is about 
two and one-half times as long as it is thick. It is thickest at the middle of 
the body. Its general structure and texture are similar to the preceding 
species except that there are no cuticular striations. 
The dorsal plate is small and beak-like. Its dorsal surface is strongly 
convex and its ventral surface, which forms the dorsal wall of the small 
vestibule, is slightly concave. There is a small ventral lip which guards 
the right side of the cytostome. 
The small vestibule is not easy to perceive. The slightly curved esoph-
agus, which is on the right side of the vestibule, directs upward and back-
ward. It is ciliated along its dorsal wall. 
There are three ciliary zones at the anterior end of the body. The 
first ciliary zone is a tthe dorsal surface of the base of the dorsal plate. A 
second zone is found on the ventral lip. The third zone is at the ventral 
side of the cytostome. 
The macronucleus is more or less kidney-shaped. It is often found on 
the dorsal surface of the vestibule. A small subspherical micronucleus is 
usually found in the depression at the end of the macronucleus. 
A contractile vacuole is located at the postero-ventral part of the 
body in the vicinity of the anal tube. 
The cytopyge is located on the dorsal part of the body to the right 
side of the anal plate at the posterior end of the body. It is connected by 
388 TA-SHIH HSIUNG 
an anal tube. The anal cilia originate dorsal to the anus and also on the 
right side of the anal plate. Reproduction is by transverse :fission. 
Measurements of 12 specimens yield the following results: 
Range . . . . . . . . . . . . . . . . . . 52 - 68 p. 20 - 27 p. 
Mean . . . . . . . . . . . . . . . . . . . 59.5 p. 23.08 p. 
Habitat: cecum and colon. 
Geographic distribution: Italy, Germany, S. Africa, U. S. A. 
According to Fiorentini 's figure of Entodinium valvatum ( = Blepha-
rocorys valvata) it resembles Blepharocorys microcorys closely. They show 
the same dorsal loctaion of the anus and the anal cilia. But according to 
Bundle's figure of Blepharocorys valvata, it is an entirely different animal 
from either E. valvatum :figured by Fiorentini of B. microcorys :figured by 
Gassovsky. The shape ~f the body and ciliation on the dorsal plate are 
entirely erroneously described. If it were not for its curved esophagus 
and the dorsal location of anus and anal cilia it could not be reconciled with 
B. valvata. 
3. Blepharocorys jubata Bundle, 1895 
(Pl. II, Fig. 40) 
Specific diagnosis.-Blepharocorys: Its general shape and its texture 
are more or less similar to the preceding species. The body is more than 
twice as long as it is thick. It is thickest in the region just back of the 
base of the dorsal plate. It decreases slowly in thickness posteriad, but 
quite rapidly anteriad. 
There is an incomplete vestibule at the anterior end. I ts dorsal wall 
is formed by the dorsal plate, which is round on the right side and toothed 
on the left side. Its dorsal ·surface is more or less convex and its ventral 
surface is concave. The ventral and right lateral walls are formed by 
the concave, semilunar ventral lip. 
The cytostQine at the left side is irregular and is guarded on the dorsal 
side by the two teeth of the dorsal plate. The cytostome is just a slanting 
slit on the right side between the dorsal plate and the ventral lip. The 
vestibule leads directly to the esophagus which is situated mainly on the 
left side. The esophagus goes backward and upward and then again turns 
backward. It is ciliated on its dorsal wall and the ciliation extends to the 
dorsal wall of the vestibule. 
The dorsal surface of the dorsal plate is ciliated at the base. The 
base of the ventral lip is also ciliated. There is another bundle of cilia on 
the left side at the base of the ventral lip. 
The cytopyge lies at the posterior end of the body slightly to the 
dorsal side and at the left side of the anal plate. It is connected by an anal 
tube which extends to the vicinity of the contractile vacuole. Anal cilia 
are found at the posterior end of the body to the left of the anal plate. 
The macronucleus is more or less ovoid. It is granular and is situated 
at the anterior end to the right of the esophagus. A small subspherical 
micronucleus is usually found in the depression of the macronucleus. 
A contractile vacuole is usually found at the posterior end at th6 
vicinity of the anus. Reproduction is by transverse fission. 
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Measurements of 25 individuals yield the following results: 
Range ............... .. . 
Mean .................. . 
Standard deviation ..... . 
Coefficient of variation .. . 
Length 
33 - 60 p. 
47.12 ± 0.88 p. 
6.62 p. 
14.04 % 
Thickness 
17 - 23 p. 
20.16 ± 0.26 p. 
1.97 p. 
9.77 % 
I have never found any concretion vacuole in Blepharocorys jubata 
as described by Bundle. 
Habitat: cecum and colon. 
Geographic distribution: Germany, Brazil, U. S. A. 
4. Blepharocorys curvigula Gassovsky, 1919 
(Pl. II, Fig. 41) 
Specific diagnosis.-Blepharocorys: In general shape and texture this 
protozoon rese;rnbles the preceding two species. Its body is about three 
times as long as it is thick. It is thickest in the region through the middle 
of the macronucleus. It decreases slowly in thickness posteriad, but more 
rapidly anteriad. It is flattened bilaterally. 
The anterior end contains a vestibule, the dorsal and left walls of which 
are formed by the dorsal plate. The ventral lip forms part of its right 
wall. The cytostome is irregular and leads directly to a long esophagus, 
which is to the left of the vestibule and which directs backward and upward 
and finally bends in a smooth curve of 180°. It is ciliated along its dorsal 
wall and the ciliation extends into the vestibule. 
The dorsal plate is a more or less rhomboid plate with its dorsal and 
left sides convex and the right side concave. The antero-ventral angle is 
pointed and antero-dorsal angle is rounded. There are three ciliary zones 
at the anterior end of the body. There is a bundle of cilia at its dorsal base. 
The base of the ventral lip also has a row of cilia. The third bundle of 
cilia is situated at the ventral side of the body near the base of the ventral 
lip. 
The cytopyge lies at the posterior end of the body slightly to the dorsal 
side and at the left side of the anal plate. It is connooted with an anal tube 
which extends to the vicinity of the large contractile vacuole. Anal cilia 
are found to the left of the anal plate. 
The macronucleus is more or less ovoid. It is granular and situated 
at the anterior end dorsal to the vestibule and to the right side of the 
esophagus. A small subspherical micronucleus is situated in the depres-
sion of the macronucleus. 
A large contractile vacuole is usually found at the posterior end of 
the body in the vicinity of the anal tube. Reproduction is by transverse 
fission. 
Measurements of 25 individuals yield the following results: 
Length Thickness 
Range ................. . 76 - 99 p. 29 - 37 p. 
Mean .................. . 87.28 ± 0.75 p. 32.68 ± 0.29 p. 
Standard deviation ..... . 5.64 p. 2.20 p. 
Coefficient of variation .. . 6.26 % 6.73 % 
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Habitat: colon. 
Geographic distribution: Russia, U. S. A. 
5. Blepharocorys angusta Gassovsky, 1919 
(PL II, Fig. 42) 
Specific diagnosis.-Blepharocorys: In general shape and texture this 
protozoon resembles the preceding three species except that it is elongated. 
It is more than three times as long as it is thick. It is thickest in the 
region just posterior to the base of the frontal cap. The dorsal plate occu-
pies the dorsal side and the entire left side of the anterior end. 
Seen from the left side the dorsal plate is more or less a rhomboid 
plate with the ventral border slightly concave. Its antero-dorsal corner 
is rounded and its antero-ventral corner is pointed. The triangular ventral 
lip lies on the right side and a little to the ventral side. 
There are three ciliary :?Jones at the anterior end of the body. It is 
ciliated on the left side of the base of the dorsal plate. The base of the 
ventral lip also possesses a row of cilia. The third bundle of cilia is 
found on the antero-ventral edge of the body. 
The cytosto,me lies between the dorsal plate and the ventral lip. It 
leads directly to the long, straight esophagus which is ciliated. The esopha-
gus lies close to the left side of the body. 
The cytopyge lies at the posterior end of the body slightly to the dorsal 
side and at the left of the anal plate. It is connected with a short anal 
tube. Anal cilia are found to the left of the anal plate. 
The macronucleus is irregular. It is granular and is situated at the 
anterior end just ventral and lateral to the right side of the esophagus. 
A subspherical micronucleus is located in the depression of the macro-
nucleus. 
The contractile vacuole is located at the posterior end a little to the 
ventral side in the vicinity of the anal tube. Reproduction is by transverse 
fission. 
Measurements of 25 individuals yield the following figures: 
Range ................. . 
Mean .. ... ......... ... . 
Standard deviation .. . .. . 
Coefficient of variation .. . 
Habitat: colon. 
Length 
58 - 78 µ. 
70.12 ± 0.76 µ. 
5.68 µ. 
8.10 % 
Geographic distribution: Russia, U. S. A. 
Thickness 
20 - 25 µ. 
22.52 ± 0.20 µ. 
1.50 µ. 
6.66 % 
6. Blepharocorys cardio-nucleata sp. nov. 
(PL II, Fig. 43) 
Specific diagnosis.-Blepharocorys: In general shape and texture 
this protozoon resembles B. curvigula closely. Its body is about two and 
one-holf times as long as it is thick. It is thickest at the middle of the 
body. It is flattened bilaterally. 
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The anterior end contains a small vestibule which leads to the slightly 
curved esophagus. This esophagus directs upward and backward and 
turns downward at the posterior third of the body. It is also ciliated along 
its dorsal wall and the ciliation ·extends into the vestibule. 
The dorsal plate also resembles that of B. curvigula. The ventral lip 
is situated entirely on the right side of the cytostome. The three ciliary 
zones are also similar to those of B. curvigula. 
The cytopyge lies at the posterior end of the body slightly to the 
dorsal side and at the left side of the anal plate. It is connected with an 
anal tube. Anal cilia are also found on the left side of the anal plate. 
The ;macronucleus is heart-shaped with an anterior base and a posterior 
apex. In this respect it resembles B. uncinata but in the same respect it 
is sharply separated from the other species of this genus. It is slightly 
granular and is situated at the anterior end and to the right side of the 
esophagus. A small spherical micronucleus is situated in the depression 
at the base of the macronucleus. 
A contractile vacuole is found at the posterior end of the body a little 
to the ventral side at the vicinity of the anal tube. Reproduction is by 
transverse fission. 
Measurements of 25 specimens yield the following results: 
Length Thickness 
Range ................. . 48 - 62 ft 17 - 23 ft 
Mean .................. . 55.12 -+- 0.55 ft 20.24 ± 0.51 ft 
Standard deviation ..... . 4.10 ft 3.87 ft 
Coefficient of variation .. . 7.43 % 19.12 % 
Habitat: colon. 
Geographic distribution: U. S. A. 
Genus: CHARON Jameson, 1925 
Generic diagnosis.-Blepharocoridae: Body not flattened bilaterally; 
anterior knob present; anal cilia in right and left bundles. 
Type-species: Charon ventriculi Jameson, 1925. 
Key to Species of Charon 
1. Found in large intestine of the horse ........................ C. equi 
Found in stomachs of ruminants ....................... C. ventriculi 
Charon equi Hsiung, 1930 
(PL II, Fig. 44) 
Specific diagnosis.~Charon: .Seen from dorsal side, the shape of this 
protozoon is lancet; the right side is slightly convex, the left side is more 
so. The _anterior end is bluntly pointed while the posterior end is nearly 
rounded. It is about three times as long as it is wide. It decreases slowly 
in width posteriad but more rapidly anteriad thus forming an anterior 
projecting knob. Both dorsal and ventral surfaces are slightly convex. 
The ectoplasm is homogeneous. The endoplasm is finely granular and 
contains small particles of food. 
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The cytostome, which occupies nearly the whole ventral side of the 
anterior knob, is ,more or less triangular in form. It leads directly into 
a prominent esophagus which is ciliated and which extends straight down 
to the middle third of the body. There are three ciliary zones at the 
anterior end. The right zone is situated on the right margin while the 
left zone is situated on the left margin of the cytostome. The small dorsal 
zone originates from the dorsal side of the knob. 
The cytopyge is sometimes visible as a dark line situated between two 
bundles of cilia at the posterior end. A single contractile vacuole can 
usually be seen in the posterior part of the body. 
There is a large elongated ellipsoid macronucleus which varies in its 
position in the body. A comparatively large ovoid micronucleus is usually 
found some distance from the macronucleus. 
The measurements of 49 specimens yield the following results: 
Range ... .. . .. . ... ..... . 
Mean .................. . 
Standard deviation ..... . 
Coefficient of variation .. . 
Habitat: colon. 
Length 
30 - 48 JL 
39.5 ± 0.305 JL 
3.17 JL 
8.0 % 
Geographic distribution: U. S. A. 
Order: Heterotrichida Delage and Herouard, 1896 
Family: BURSARIIDAE Kent, 1880 
Width 
10-14/L 
11.8 ±. 0.004 /J. 
0.04 JL 
0.34 % 
Genus: BALANTIDIUM Claparede and Lachmann, 1858 
Balantidium coli (Malmsten, 1857) Stein, 1863 
Specific diagnosis.-Cunha ( 1917) observed Balantidiuni coli in the 
material from the large intestine of the horse. The following is the trans-
lation of his original description of the parasite found in the horse: 
''This ciliate presents a body of ovoid form with the anterior extremity 
narrower. The body is uniformly covered with fine cilia, arranged in 
longitudinal lines, which give to the ciliate a striated aspect. At the 
anterior extremity is observed the very short peristome in the form of a 
triangular cleft, at the left side of which is an adoral zone made up of 
cilia thicker than those which cover the body. 
"This ciliate presents two contractile vacuoles, one located in the 
middle part and the other in the posterior part of the body. In the 
stained preparations is observed the reniform macronucleus, in the de-
pression of which exists a micronucleus.-The dimensions of the parasite 
are: length 40 to 60 µ,, width 35 to 40 µ,. '' 
The writer failed to find any ciliate which resembles Balantidium from 
the intestinal materials collected from more than forty horses. 
Geographic distribution: Brazil. 
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Order: Oligotrichida W enyon, 1926 
Order diagnosis.-Body mostly unciliated except for certain sp€cial 
zones. 
F amily: CYCLOPOSTHIIDAE Poche, 1913 
Family diagnosis.-Generally, body rigid, flattened bilaterally; adoral 
zone of membranelles; possessing either caudalia or arches of membranelles. 
Type-genus: Cycloposthium Bundle, 1895. 
J[ey to Genera of Cycloposthiidae 
1. Body more or less cylindrical .... ... . . ........ .. . ..... Spirodinium 
Body :flattened bilaterally . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
2. Body skeleton present; ciliophore retractile. . . . . . . . . . . . . . . . . 3 
Body skeleton absent; no retractile ciliophore . . . . . . . . . . . . . . . 4 
3. Only two posterior caudalia or arches . ....... . ... ... . Cycloposthiiim 
Two posterior caudalia and an anterior caudalium . . .... . . Tripalmaria 
4. Three arches of membranelles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Four arches of membranelles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
5. Body galeate ....... ... . ................. . ........ . .. . Triadinimn 
Body elongated ...... . .. . ... .... . .. . ..... . .. .. ... ..... .. . Ditoxum 
6. Body length more than 200 p.; both ends of macronucleus 
curved . . . .. . ............... . ... ........ .. ........ .. Cochliatoxnm 
Body length less than 180 p.; only anterior end of macronucleus 
curved ..... . .. ....... . .. . . ....... .. ... . .... ... ... .... Tetratoxuin 
Hickson (1903) referred the genus Cycloposthium to the family 
Ophryoscolecina Stein, 1858. Poche ( 1913) made for it a new family, 
Cycloposthiidae, to which the genus Didesmis was also assigned. Cunha 
(1919) removed the genus Didesmis to the family Buetschliidae. The writer 
includes in the family Cycloposthiidae the following genera : Cyclopos-
thium Bundle, 1895 ; Spirodinium Fiorentini, 1890; Triadinium Fforen-
tini, 1890; Tetratoxum Gassovsky, 1919; Tripalmaria Gassovsky, 1919; 
Cochliatoxum Gassovsky, 1919 and Ditoxum Gassovsky, 1919. 
Genus: CYCLOPOSTHIUM Bundle, 1895 
Generic diagnosis.-Cycloposthiidae : Body covered with skeleton; 
anter ior retractile peristome with adoral membranelles; two posterior 
caudalia or arches of membranelles, a dorsal and a ventral; elongated 
macronucleus; contractile vacuoles in longitudinal row. 
Type-species : Cycloposthiiim biplamatum (Fiorentini, 1890) Bundle, 
1895. 
Key to the Species of Cycloposthium 
1. Posterior ar ches of membranelles nonretractile ... . .. . . . .. C. ishikawai 
P osterior caudalia retractile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
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2. Presences of ventral dentiform projection; anterior end of 
macronucleus not hooked. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Absence of ventral dentiform projection; anterior end of mac-
ronucleus hooked . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
3. Cuticle corrugated . . . ...... . . . ... ... . .. . .. .. . . . .. .. . C. corrugaturn 
Cuticle not corrugated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
4. Tooth strongly developed, more flattened; greater length of 
body (135-227 /L) ... .. ... .. .. .. . .. .. . ..... . C. dentiferurn f. latidens 
Tooth not strongly developed, less flattened; body length short-
er (122-180 /L) .. . .. .. ... . .. .. .. . . . . . ... . ... .. . ... .. C. dentiferurn 
5. Absence of both longitudinal groove and linear skeleton on the 
left side of the body ..... . .... . .. . ... . .. . . . .. ... ...... C. piscicaiida 
Presence of both longitudinal groove and linear skeleton on 
the left side of the body. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
6. Presence of shield on the left side of the body . . .. .. ..... C. scidigermn 
Absences of shield on the left side of the body . . . . . . . . . . . . . . . 7 
7. Body large, usually over 150 /L in length; contractile vacuole 
usually more than four in number .. . ..... . .. . ....... . . C. edentaturn 
Body small, less than 150 /Lin length; contractile vacuole usual-
ly four in number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
8. Heavy skeleton; micronucleus located near to the anterior end 
of the macronucleus . . .. .. . ... .... . .... . . . .. ..... .. . .. . . . C. affinae 
Light skeleton; micronucleus located at the middle of the mac-
ronucleus ... . ... . ... . .. .... . . . . ... .. ..... . .... ... . C. bipalrnatiirn 
1. Cycloposthium bipalmatum (Fiorentini, 1890) Bundle, 1895 
(PL III, Figs. 45-46) 
Synonym: Entodiniurn bipalrnatiirn Fiorentini, 1890. 
Specific diagnosis.-Cycloposthium : Body form is constant and is 
more or less rectangular. It is slightly compressed laterally. The anterior 
end is truncated while the posterior end is tapering and finally forms a 
tail-like structure. Posterior end of the dorsal surface slopes down while 
the ventral surface is straight but grooved. The dorsal and ventral caudalia 
are asymmetrically situated just anterior to the tail. The dorsal caudalium 
is more posterior than the ventral one. The presence of the light skeleton, 
which never extends to the tail and the caudalia, makes the body fairly 
r igid. A slight groove which runs parallel to the long axis of the body is 
present on the left surface near to the dorsal side. A linear skeleton can 
be seen just ventral to the groove. 
The peristome is located on the ciliophore at the anterior end of the 
body. It is surrounded by two rows of membranelles and the collar. The 
cytopyge is situated behind the base of the ventral caudalium and it is 
connected by an anal tube. 
The elongated macronucleus lies just under the dorsal surface and 
runs parallel with the long axis of the body. Its anterior end forms a short 
hook toward the right side. The small ellipsoidal micronucleus lies in a 
depression on the dorsal side about the middle of the macronucleus. 
There are four contractile vacuoles, some of which lie just above the 
linear skeleton. Reproduction is by transverse fission. 
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Measurements of 25 specimens yield the following results : 
Length Thickness 
Range . . . . . . . . . . . . . . . . . . 80 - 127 µ, 35 - 57 µ, 
Mean ........ ... ........ 101.64 + 1.75 µ, 41.96 + 0.81 µ, 
Standard deviation . . . . . . 13.07 µ, 6.10 µ, 
Coefficient of variation . . . 12.85 % 14.53 % 
Conjugating forms have also been observed. This organism apparently 
feeds on bacteria and plant fibers, but once a specimen containing a nema-
tode larva has also been observed. 
Habitat: both cecum and colon. 
Geographic distribution: cosmopolitan. 
2. Cycloposthium dentiferum Gassovsky, 1919, partim, Strelkow, 1928 
(Pl. III, Fig. 47) 
Specific diagnosis.-Cycloposthium : Body form is constant and irreg-
ularly rectangular. It is slightly compressed laterally. Its anterior end is 
truncated while its posterior end tapers sharply to form a tail-like structure. 
Its dorsal side is gently curved while its ventral side is strongly convex to 
form a dental process which points forward. The dorsal and ventral 
caudalia are asymmetrically placed just anterior to the tail like the preced-
ing species. The entire surface, except the caudalia and the tail, is covered 
with skeleton, which gives the body its rigidity. The longitudinal groove 
is present on the left side of the body but the linear skeleton is quite in-
distinct. 
The peristome is located on the ciliophore at the anterior end of the 
body. It is sunounded by two rows of membranelles and the collar. Th€ 
cytopyge is situated behind the base of the ventral cauda.lium and it is 
connected by an anal tube. 
The elongated macronucleus lies just under the dorsal surface and runs 
parallel with the long axis of the body. Its anterior end slightly tapers 
while its posterior end is slightly enlarged and obliquely truncated running 
parallel with the base of the dorsal caudalium. The subspherical micro-
nucleus lies in a depression on the left · side about the middle of the macro-
nucleus. 
There are four to six contractile vacuoles which lie beneath the left 
surface in direct opposition to the macronucleus. Reproduction is by trans-
verse fission. Exconjugants have also been observed. The organism is: 
usually engorged with plant fibers. 
Measurements of 25 specimens yield the following results: 
Length Thickness 
Range ................. . 140 - 222 µ, 80 - 110 µ, 
Mean .... .. ... . .... .. . . . 178.48 µ, 93.92 µ, 
Habitat: cecum and colon. 
Geographic distribution: Russia, U. S. A. 
396 TA-SHIH HSIUNG 
3. Cycloposthium dentiferum forma latidens Strelkow, 1929 
Specific diagnosis.-Cycloposthium: Except for the following differ-
ences, this form resembles C. dentiferum in every respect. It differs from 
the typical C. dentiferum by the great development of the ventral tooth-
like process and by the greater length of the body. Its tooth-like process 
is more strongly flattened than that of the typical C. dentifernm. 
Measurements: Body l~mgth 135-227 µ. (mean 185 µ.), thickness 56-100 
µ. (mean 81 µ. ) • 
The writer has not observed this form in the American horses. 
Habitat: cecum. 
Geographic distribution: Russia. 
4. Cycloposthium ishikawai Gassovsky, 1919 
(PL III, Fig. 48) 
Specific diagnosis.-Cycloposthium: ''Body obtusely truncated an-
teriorly, gradually narrowing posteriorly. Anterior part of dorsal side 
dilated in the form of wings. Both ends of macronucleus thickened and 
bent towards ventral margin. Membranellae of posterior end composing 
two caudal arches. Measurements: 230-280 x 110-130 µ.. Cecum of Jap-
anese horses. '' 
This organism has not been observed in the American horses. 
5. Cycloposthium edentatum Strelkow, 1928 
(PL III, Fig. 49) 
Specific diagnosis.-Cycloposthium: Body form is constant and more 
or less rectangular. It is slightly compressed laterally. Its anterior end 
is truncated while its posterior end tapers to form a curved tail. The 
dorsal side is slightly convex while the ventral side is flat. The dorsal and 
ventral caudalia are asymmetrically placed just anterior to the tail. The 
cuticular skeleton extends to part of the tail. The skeleton on the left side 
of t'he body is interrupted by a longitudinal groove which is just dorsal to 
the longitudinal skeleton inside. 
The peristome with its adoral membranelles is located at the anterior 
end. The cyotpyge is situated behind the base of the ventral caudalium 
and is connected by an anal tube. 
The elongated macronucleus is situated under the dorsal surface par-
allel with the long axis of the body. Its anterior end is curved toward the 
right side to form a short hook. Its posterior extremity is slightly enlarged 
and obliquely truncated running parallel to the base of the dorsal caudal-
ium. The ellipsoidal micronucleus is situated in a depression on the left 
side at the anterior third of the macronucleus. 
There are 6 to 7 contractile vacuoles which lie ventral to the longitud-
inal skeleton. Reproduction is by transv-erse fission. 
Measurements of 25 specimens yield the following results: 
Length Thickness 
146 - 230 µ. 68 - 93 µ. 
190.04 µ. 80.22 µ. 
Range ................. . 
Mean ................... . 
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Its food materials are consisted of mainly plant fibers. 
Habitat: cecum and colon. 
Geographic distribution: Russia, U. S. A. 
6. Cycloposthium piscicauda Strelkow, 1928 
(Pl. III, Fig. 50) 
Specific diagnosis.-Cycloposthium: Body shape is constant and has a 
rectangular form. It is compressed laterally. Its ventral side is more flat 
than the dorsal side. The anterior extremity is truncated, while the poster-
ior end forms a tail resembling that of a fish. The posterior end of the 
cuticular skeleton extends to the tail. 
The peristome is anterior and the two caudalia are asymmetrically 
arranged at the posterior end as with other species. The anal opening is 
at the usual place, the base of the ventral caudalium. 
' The elongated macronucleus is found on the dorsal side a little to the 
left. It is slightly curved toward ventral and a little to the right. Its 
anterior end is curved toward the right side in the form of a long hook. 
The posterior extremity of the macronuclens is slightly enlarged and is 
obliquely truncated in the direction parallel to the base of the dorsal 
caudalium. The ellipsoidal micronucleus is situated near to the region 
where the macronucleus is curved to form the hook. 
The contractile vacuoles are four to five in number and are situated 
on the left side of the body near to the macronucleus. 
The length of the body varies from 125 to 190 µ. (mean 152 µ.) ; the 
thickness of the body is from 44 to 80 µ. (mean 65 µ.). 
Strelkow has seen this form only once in association with C. bipalm-
atum. 
Geographic distribution: Russia. 
7. Cycloposthium scutigerum Strelkow, 1928 
(Pl. III, Fig. 51) 
Specific diagnosis.-Cycloposthium: Body form is constant and more 
or less rectangular. It is also slightly compressed laterally. Its anterior 
end is truncated while the posterior end tapers to form a curved ta.il. Its 
dorsal side is slightly convex while its ventral .side is flat with a slight 
groove in the middle. On the left side of the body the skeleton is inter-
rupted by a deep longitudinal groove near to the dorsal side. Another 
deep longitudinal groove at the middle of the body separates a skeletal plate 
from the rest of the body except for a narrow region between these two 
grooves. Under this raised plate there are two longitudinal skeletal lines 
which are really the skeletal walls of these two grooves. The two caudalia 
are asymmetrically placed at the posterior end. 
The peristome and the adoral membranelles are located at the anterior 
end of the body. The cytopyge lies behind the base of the ventral caudal-
ium and it is connected by an anal tube. 
The elongated macronucleus lies just under the dorsal surface and runs 
parallel with the long axis of the body. Its anterior end is curved toward 
the right to form a hook. I ts posterior end is curved slightly toward the 
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ventral side. The ellipsoidal micronucleus is situated in a depression on 
the left side at the anterior third of the macronucleus. 
There are 5 to 6 contractile vacuoles which are situated between those 
two longitudinal skeletal lines. Reproduction is by transverse fission. 
Measurements of 25 specimens yield the following results: 
Length Thickness 
Range .................. . 132 - 210 µ, 63-90 µ, 
Mean ................ . 155.36 µ, 74.36 µ, 
Habitat: cecum and colon. 
Geagraphis distribution: Russia and U. S. A. 
8. Cycloposthium affinae Strelkow, 1928 
(Pl. III, Fig. 52 and Pl. IV, Figs. 53-55) 
Specific diagnosis.-Cycloposthium: Body shape is constant and is 
more or less rectangular. It is slightly compressed laterally. The anterior 
end is obtusely truncated while the posterior end is tapering and finally 
forms a tail-like structure which resembles more or less that of C. piSC'i-
cauda. The dorsal and ventral caudalia are asymmetrically placed just 
anterior to the tail like the other species. The caudalia are rather large 
with respect to the small body size. The rigidity of the body is due to the 
presence of an external skeleton which is especially thick on the dorsal 
surface and at the anterior fifth of the ventral surface. The thick skeleton 
of both lateral surfaces is limited to only that area bounded posteriad by 
a line connecting the posterior ends of the dorsal and ventral skeletons. 
This thick skeleton is interrupted on the left surface by a slight groove 
which runs parallel to the long axis of the body in the vicinity of the macro-
nucleus. A linear skeleton can be seen just ventral to the groove. The 
rest of the body, with the exceptions of the tail and the caudalia which 
are destitute of skeleton, is supplied with only a thin skeleton. 
The peristome is located at the anterior end near to the dorsal side of 
the body. It is surrounded by two rows of membranelles. The anal tube 
which originates from the endoplasm of the ventral side opens by an orifice 
behind the base of the ventral caudalium. 
The elongated macronucleus lies just under the dorsal skeleton and 
runs parallel with the long axis of the body. It is slightly curved toward 
the right side at the posterior end. At the anterior end the macronucleus 
forms a short hodk toward the right side. An ellipsoidal micronucleus is 
situated in a depression on the left surface of the macronucleus just below 
the curvature where the hook originates. 
The four contractile vacuoles are situated on the left side of the body 
just ventral to the linear skeleton. They are always clearly visible. Re-
production is by transverse fission. Different stages of the exconjugants 
have also been observed. 
The measurements of 49 specimens yield the following results: 
Length Thickness 
Range . . . . . . . . . . . . . . . . . . 92 - 141 µ, 45 - 58 µ, 
Mean ................... 120.2 -+- 1.10 µ, 51.8 -+- 0.25 µ, 
Standard deviation . . . . . . 11.5 µ, 2.5 µ, 
Coefficient of variation . . . 9.56 % 4.82 % 
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Habitat: cecum and colon. 
Geographic distribution: Russia, U. S. A. 
9. Cycloposthium corrugatum sp. nov. 
(Pl. IV, Fig. 56) 
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Specific diagnosis.-Cycloposthium: In body form this protozoon 
resembles more closely that of C. dentiferiun than that of any other species 
of the genus. It is irregularly rectangular. Its anterior end is truncated, 
while its posterior end tapers to form the curved tail. Both its dorsal and 
ventral surfaces are slightly curved while the lateral surfaces are strongly 
convex. The anterior end of the ventral side also forms a dental process 
which is slightly developed. The entire surface, with the exception of the 
tail and the two caudalia, is covered with skeleton which is longitudinally 
corrugated with 9 to 10 lines on each lateral surface. The longitudinal 
groove is present on the left surface near to the dorsal side but the linear 
skeleton is quite indistinct. 
The peristome with its adoral membranelles is located at the anterior 
end. The two caudalia are asymmetrically placed just anterior to the tail. 
The cytopyge lies behind the base of the ventral caudalium and it is con-
nected by an anal tube. 
The elongated macronucleus lies just under the dorsal surface, a little 
toward the right side and runs parallel with the long axis of the body. It 
is curved in conformity with the curvature of the dorsal side. Its anterior 
end is rounded while its posterior end is obliquely truncated running paral-
lel to the base of the dorsal caudalium. The ellipsoidal micronucleus lies 
in a depression on the left side just below the middle of the macronucleus. 
There are 4 to 5 contractile vacuoles which lie under the left surface 
of the body in direct opposition to the macronucleus. Reproduction is by 
transverse fission. 
Measurements of 25 specimens yield the following results: 
Range ................ . 
l\fean ........... ...... . 
Length 
135 - 195 µ. 
164.68 µ. 
Habitat: cecum and colon. 
Geographic distribution: U. S. A. 
Genus: SPIRODINIUM Fiorentini, 1890 
Thickness 
70 - 112 µ. 
90.72 µ. 
Generic diagnosis.-Cycloposthiidae: Body elongated, elastic, more or 
less spindle-shaped; with an adoral zone of membranelles; zone of mem-
branelles near anterior end making at least one complete spiral; a posterior 
zone of membranelles making only a half-spiral. 
Type-species: Spirodiniurn equi Fiorentini, 1890; only species of the 
genus. 
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Spir odinium equi Fiorentini, 1890 
(Pl. IV, Figs. 57-58) 
Specific diagnosis.-Spirodinium: It is about two and one-half times 
as long as it is wide. It is widest at the middle. The ectoplasm is a thin 
homogeneous layer. The endoplasm is coarsely granular and containing 
refractile spherical bodies, plant fibers as well as other food particles. The 
whole body is covered by a finely punctate cuticle. There are longitudinal 
striations on its dorsal surface under the cuticle. The anterior zone of 
membranelles starting from the ventral side makes a complete spiral, ex-
tending over a little to the left side. The posterior arch of membranelles 
is situated on the dorsal side, a little to the left. 
The peristome is at the anterior extremity on the ventral side. It is 
surrounded entirely by the adoral membranelles. The cytopyge is located 
at the posterior end on the ventral side under the caudal sheath. 
The macronucleus is elongated with both ends rounded. It is distinct-
ly granular. It is situated under the dorsal surface between the two zones 
of membbranelles. A large ellipsoidal micronucleus is located on the right 
side and at the posterior half of the macronucleus. 
A large contractile vacuole is usually found under the right surface 
just back of the anterior membranelles. Reproduction is by transverse 
fission. 
Measurements of 49 specimens yield the following results: 
Range . . . . ............. . 
Mean ............... . . . 
Habitat: colon. 
Length 
77 -180 µ 
127.69 µ 
Geographic distribution: Italy, S. Africa, U. S. A. 
Genus: TRIADINIUM Fiorentini, 1890 
Width 
30- 74 µ 
49.71 µ 
Generic diagnosis.- Cycloposthiidae: Body somewhat helmet shaped 
and flattened bilaterally; a wide peristome surrounded with adoral mem-
branelles; two other arches of membranelles. 
Type-species : Triadiniwrn caudatum Fiorentini, 1890 
Key to Species of Triadinium 
1. Tail absent; macronucleus elongated . . .... ... ............ . T. galea 
Tail present; macronucleus not elongated . . . . . . . . . . . . . . . . . . 2 
2. Size large, more than 50 µ in length; macronucleus twisted as an 
interrogative mark . . .. . . . .. ... .. .. . .. . . .. . . ... .. .. ... T. caudatitrn 
Size small, less than 50 µ in length; macronucleus rounded .. T. rninirnmn 
1. Triadinium caudatum Fiorentini, 1890 
(Pl. IV, Figs. 59-60) 
Specific diagnosis.-Triadinium: Body is constant in form, rigid and 
noncontractile. 
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The ectoplasm is a thin and homogeneous layer. The endoplasm is 
granular and contains great masses of food, especially fungus spores. The 
whole body is covered by a thin, firm and refractive cuticle. At the poster-
ior end it forms a lmob where the long, slender tail is attached. This tail 
is not a tuft of long cilia as referred to by Fiorentini. 
At the anterior end of the body there is the short anterior arch of 
membranelles. The dorsal arch of membranelles is located at the posterior 
half of the dorsal surface of the body. The wide peristome, which is situ-
ated at the middle of the ventral surface of the body, is surrounded by a 
thick row of fine adoral membranelles. The funnel shaped esophagus is 
directed antero-dorsally. The cytopyge lies at the posterior end of the body 
dorsal to the caudal knob. It is connected by a distinct anal canal which 
is directed antero-dorsally just under the dorsal arch. 
The macronucleus, which is twisted like an interrogative mark, is situ-
ated at the antero-ventral part of the body. The heavy part is usually 
directed ventrally, while the tail points dorsally. It is distinctly granular. 
A small subspherical micronucleus is usually found on the tail of the macro-
nucleus. A single contractile vacuole is usually found anterior to the curv-
ature of the macronucleus. Reproduction is by transverse fission. 
Measurements of 49 specimens yield the following r.esults: 
Length Thiclmess 
Range .. .. . . .. .. . ... ... . 50 - 105 p. 36 - 85 p. 
Mean . .... . ..... .... . . . . 72.88 p. 55.16 p. 
Habitat: colon. 
Geographic distribution: Italy, S. Africa, U. S. A. 
2. Triadinium galea Gassovsky, 1919 
(Pl. IV, Figs. 61-64) 
Specific diagnosis.-Triadinium: Body is constant in form, rigid and 
noncontractile. 
The ectoplasm is a thin and homogenous layer. The endoplasm is 
granlar and contains food particles. The whole body is also covered by a 
thin, firm and refractive cuticle. The peristome is anterior. It is on the 
right side of a flattened conical cuticular projection. It is surrounded by 
an incomplete circular row of oral membranelles. A large funnel-shaped 
esophagus is present. On the right side of the oral opening there is another 
cuticular projection which separates it from the dorsal arch of membran-
elles. The other arch of membranelles is posterior. The cytopyge escaped 
detection. 
The macronucleus is situated near to the left surface and along the 
long axis of the body. It is distinctly granular. Both ends of the macro-
nucleus are bent toward the dorsal surface. The anterior end is the larger 
of the two. At the tip of the posterior end there is the small ellipsoidal 
micronucleus. 
At the anterior curvature of the macronucleus there is usually a con-
tractile vacuole. A second contractile vacuole can usually be found dorsal 
to the posterior arch of membranelles and near to the posterior end of the 
macronucleus. 
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Measurements of 49 specimens yield the following results: 
Length Thickness 
Range ................. . 53 - 88 µ. 50 - 70 µ. 
Mean .................. . 68.75 + 0.49 µ. 57.36 ± 0.43 µ. 
Standard deviation ..... . 5.16 µ. 4.51 µ. 
Coefficient of variation .. . 7.50 % 8.45 % 
Reproduction seems to be by longitudinal fission. The micronucleus 
accompanies the macronucleus to lie at the posterior end of the body. There 
is a longitudinal groove on either side of the region of the cyt-Ostome. The 
grooves are wider at the anterior end and narrower at the posterior end. 
Both nuclei have been observed in division. At this time a new paristome 
forms while both dorsal and posterior arches are still single. Further pro-
cesses of division have not been observed. 
Habitat: colon. 
Geographic distribution: Russia, U. S. A. 
3. Triadinium minimum Gassovsky, 1919 
(Pl. IV, Fig. 65) 
Specific diagnosis.-Triadinium: Body resembles T. caiidatiim more 
closely than T. galea. 
The ectoplasm is a thin homogeneous layer. The endoplasm is finely 
granular. A thin cuticle is also present. At the posterior end it prolongs 
into a caudal process at the end of which the slender tail is attached. At 
the left side of the peristome there is another cuticular projection which 
forms a spine. 
At the anterior end of the body is the short arch of fine membranelles. 
The dorsal arch of membranelles is also situated at the posterior half of 
the body. The wide peristome is situated on the ventral side at the pos-
terior half of the body. It is surrounded by fine adoral membranelles. 
Back of the peristome there seems to be a vestibule to which a long curved 
esophagus is connected. Both esophagus and vestibule are ciliated. The 
cytopyge is situated at the posterior end dorsal to the caudal process. 
The macronucleus is ellipsoidal in shape and is usually situated at the 
center of the body. A small subspherical micronucleus is usually found at 
one end of the macronucleus. 
A contractile vacuole is locatd at the posterior end of the body near to 
the cytopyge. Dividing forms have not been encountered. 
Measurements of 36 specimens yield the following results: 
Range ..... . ........... . 
Mean .................. . 
Standard deviation ..... . 
Coefficient of variation .. . 
Habitat: colon. 
Length 
32 - 50 µ. 
42.86 ± 0.55 µ. 
4.98 µ. 
11.61 % 
Geographic distribution: Russia, U. S. A. 
Thickness 
31- 42 µ. 
36.08 + 0.37 µ. 
3.33 µ. 
9.22 % 
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Genus: TETRATOXUM Gassovsky, 1919 
Generic diagnosis.-Cycloposthiidae: Body slightly flattened bilaterl-
ly; two anterior arches of membranelles and two posterior arches of mem-
branelles. 
Type-species: Tetratoxurn unifasciculatilm (Fiorentini, 1890) Gas-
sovsky, 1919. 
Key to Species of Tetratoxmn 
1. Body small, less than 100 p. in length; without longitudinal 
cuticular ridges ........................................ T. parviim 
Body large, generally over 100 µ. in length; with longitudinal 
cuticular ridges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
2. Raised cuticular flap on the right anterior end of the body . T. excavatum 
No raised cuticular flap on the right anterior end of the 
body .......................................... T. unif asciculatum 
1. Tetratoxum unifasciculatum (Fiorentini, 1890) Gassovsky, 1919 
(Pl. V, Fig. 66) 
Synonyms: Diplodinium unif asciculatum Fiorentini, 1890; Blepharo-
corys unifasciculatum (Fiorentini, 1890) Sharp, 1915. 
Specific diagnosis.-Tetratoxum: Seen from the side it is irregularly 
elliptical, with both ends rounded. The body is constant in form, rigid, 
noncontractile and about twice as long as it is thick. It is thickest at the 
middle. It is slightly flattened bilaterally. 
The ectoplasm is a thin homogeneous layer. The endoplasm is coarsely 
granular and contains plant fibers and other large particles of food. The 
whole body is covered by a fairly thick, firm and refractive cuticle. There 
are longitudinal rows of 7-9 cuticular ridges on both the dorsal and ventral 
surfaces of the body. Lateral cuticular extensions .at the posterior end form 
two caudal sheaths. These two caudal sheaths are not in direct opposition 
to each other; the right one is more ventral while the left one is more dorsal. 
There are also concentric ridges on the inner surfaces of these caudal 
sheaths. 
The cytostome which is a ventral slit surrounded by short cilia is 
situated near to the anterior extremity of the body. Just behind the per-
istome there is the mental arch of membranelles which runs from the right 
side to the ventral side. The occipital arch of membranelles runs from 
the left side of the body near to the left end of the mental arch dorsally to 
the dorsal side a little below the right end of the mental arch. The dorsal 
caudal arch of membranelles occupies a slanting line from left to right 
on the dorsal surface at the posterior end of the body. The ventral caudal 
arch of membranelles occupies also a slanting groove from right to left 
on the ventral surface at the posterior end of the body. The cytopyge lies 
between the two caudal sheaths at the dorsal side of the right one. The anal 
canal is broad. 
The macronucleus is coarsely granular. It is situated under the dorsal 
surface near to the right surface at the anterior part of the body. Its 
anterior end forms a short hook which directs ventrally. The body of the 
macronucleus which.is about three times as long as the hook directs poster-
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iad. There is usually a slender n€ck connecting the hook and the body of 
the macronucleus. A small refractive and more or less ellipsoidal micro-
nucleus is found posterior to the neck and just ventral to the body of the 
macronucleus. 
A large contractil€ vacuole is found under the curvature of the macro-
nucleus. Reproduction is by transverse fission. 
Measurements of 49 specimens yield the following results: 
Length 
Range . . . . . . . . . . . . . . . . . . 104 -168 µ 
Mean ................... 134.75 ± 1.35 µ 
Standard deviation . . . . . . 14.17 µ 
Coefficient of variation . . . 10.51 % 
Habitat: colon. 
G€ographic distribution: Italy, Russia, U. S. A. 
2. Tetratoxum excavatum sp. nov. 
(Pl. V, Fig. 67) 
Thickness 
62 -100 µ 
76.16 ± 0.66 µ 
6.98µ 
9.16 % 
Specific diagnosis.-Tetratoxum: Seen from the side this protozoon 
is also irregular elliptical in shape, with both ends rounded. The body is 
constant in form, rigid, noncontractile and about ll/2 times as long as 
it is thick. It is thickest at the middle. Both dorsal and ventral sur-
faces are strongly convex. It is slightly flattened bilaterally. The ecto-
plasm is a thin homogeneous layer like that of the preceding species. The 
endoplasm is distinctly granular and contains plant fibers and also other 
large particles of food. The cuticle is a fairly thick, firm and refractive 
layer. At th€ anterior end on the right surface the body between the two 
anterior arches of membranelles there is a deep elliptical excavation cov-
ered by a flap of cuticle. This character differs from the preceding species. 
The cuticular ridges are more prominent and the adjacent ridges are 
farther apart than those of the pr€ceding species. Like the preceding 
species the lateral cuticular extensions at the posterior end of the body 
form two caudal sheaths. There are also concentric ridges on the inner 
surfaces of these caudal sheaths. 
The cytostome which is also a ventral slit guarded by short cilia is 
situated near the anterior extr€mity of the body. Both mental and occipi-
tal arches resemble those of the prooeding species. The cytopyge lies 
between the two caudal sheaths. It is connected by a broad anal canal. 
The macronucleus is coarsely granular. It is sharply curved and in 
two parts. The anterior part is more massive and directed antero-ventrad. 
The posterior part is shorter and less massive and is directed posteriad. 
A small ellipsoidal micronucleus is situated just ventral to the angle of 
the macronucleus. A large contractile vacuole is to be found under the 
anterior part of the macronucleus. 
Measurements of 25 specimens yield the following results: 
Length 
Range . . . . . . . . . . . . . . . . . . 95 - 135 µ 
Mean ................... 115.76 + 1.48 
.. 
Thickness 
55 - 90 µ 
73.48 ± 1.46 µ 
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Standard deviation ..... . 
Coefficient of variation .. . 
Habitat : colon. 
Geographic distribution: U. S. A. 
11.16 µ. 
9.64 % 
3. Tetratoxum parvum sp. nov. 
(Pl. V, Fig. 68) 
10.92 µ. 
14.86 % 
Specific diagnosis.-Textratoxum: Seen from the side it is also irreg-
ularly elliptical, with both ends rounded. The body is constant in form, 
rigid and noncontractile just as with the other species. It is a little less 
than twice as long as it is thick. It is thickest at the middle third of the 
body. It is also slightly flattened bilaterally but both dorsal and ventral 
surfaces are almost straight and parallel to each other. 
The ectoplasm is a thin homogeneous layer. The endoplasm is coarsely 
granular and also contains plant fibers and other food particles. The 
cuticle is also a thin, firm and refractive layer. There are no cuticular 
ridges on both dorsal and ventral surfaces. Neither do the caudal sheaths 
show any markings. 
The cytostome is a ventral slit guarded by cilia at the anterior part 
of the body. Both mental and occipital arches resemble those of the pre-
ceding species with respect to their arrangement and location. Both caudal 
arches also resemble those of the preceding species. The cytopyge and the 
anal canal are also in their usual positions. 
The macronucleus is coarsely granular and resembles that of T. ex -
cavatum in general shape and location. The massive anterior portion bends 
antero-ventrally and the smaller posterior portion directs posteriad. A 
small ellipsoidal micronucleus is situated at the curvature of the macronu-
cleus. The contractile vacuole is situated partly on the right side of the 
anterior portion of the macronucleus just anterior to the micronucleus. 
Reproduction is by transverse fission. 
Measurements of 49 specimens yield the following results: 
Range ................. . 
lVIean ................... . 
Standard deviation ..... . 
Coefficient of variation . . . 
Habitat: colon. 
Length 
67 - 98 µ. 
80.34 - 0.67 µ. 
7.04 µ. 
8.76 % 
Geographic distribution: U. S. A. 
Genus: TRIPALMARIA Gassovsky, 1919 
Synonym: Tricaudalia Buisson. 1923. 
Thickness 
39 - 52 µ. 
45.93 ± 0.34 µ. 
3.56 µ. 
7.75 % 
Generic diagnosis.-Cycloposthiidae: Body with three caudalia, two 
dorsal and one ventral. 
Type-species: Tripalmaria dogieli Gassovsky, 1919. 
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Tripalmaria dogieli Gassovsky, 1919 
(Pl. V, Figs. 69-70) 
Specific diagnosis.-Tripalmaria: Seen from the side it is irregularly 
oval in shape. It is constant in form, rigid, noncontractile and about twice 
as long as it is thick. It is thickest in the middle. It is slightly flattened 
bilaterally. Both ends are more or less rounded. Its ventral side is 
fairly straight and at the posterior part in a slight depression is the ventral 
caudalium. The dorsal side is uneven. In a depression at the anterior 
part of the body is the anterior caudalium. The posterior dorsal caudalium 
is situated in another depression in the posterior part of the body opposite 
that of the ventral side. These two dorsal caudalia are separated from 
each other by elevations of the body. 
The ectoplasm is a very thin homogeneous layer. The endoplasm is 
coarsely granular and contains food particles. The whole body is covered 
by a highly punctate cuticle. There are skeletal plates under the cuticle. 
On the right side of the body the skeletal plates are in the form of a horse-
shoe with the opening toward the posterior end. There are also longi-
tudinal striations under the cuticle on the right side of the body. On the 
left side of the body only the dorsal part is supported by two articulated 
skeletal plates. 
The peristome is at the anterior end, a little to the dorsal side. It is 
surrounded by a ring of adoral membranelles . The cuticle around the 
peristome is wrinkled forming numerous longitudinal ridges. The cytopyge 
is located on the dorsal side at the posterior end of the body, just back of 
the postero-dorsal caudalium. A much wrinkled anal tube can easily be 
observed. 
The macronucleus is bilobed. Its ventral lobe which is constricted at 
the middle, is located partially under the ventral arm of the horseshoe-
shaped skeletal plates. The narrow strip, which connects the dorsal and 
ventral lobes, arises from the anterior portion of the ventral lobe close to 
the cuticle of the right side and extends toward the dorsal side. At the 
dorsal side it turns under a skeletal plate and again it turns around the 
edge of the left skeletal plate in the form of a knife blade. A comparatively 
large ellipsoidal micronucleus is found at the constriction of the ventral 
lobe of the macronucleus. Just anterior to the micronucleus a contractile 
vacuole is also present. Reproduction is by transverse fission. 
Measurements of 49 specimens yield the following results: 
Length Thickness 
Range . . . . . . . . . . . . . . . . . . 77 -123 p. 47 - 62 p. 
Mean ................... 102.63 ± 0.96 p. 53.24 ± 0.47 p. 
Standard deviation . . . . . . 10.12 p. 4.98 p. 
Coefficient of variation . . . 9.88 % 9.35 % 
Habitat: colon. 
Geographic distribution: Russia, U. S. A. 
Genus: COCHLIATOXUM Gassovsky, 1919 
Generic diagnosis.-Cycloposthiidae: Body with adoral and three 
other arches of membranelles, one occipital and two caudal. 
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Type-species: Cochliatoxum periachfom Gassovsky, 1919; only species 
of the genus. 
Cochliatoxum periachtum Gassovsky, 1919 
(Pl. V, Fig. 71) 
Specific diagnosis.-Cochliatoxum: It is more or less cylindrical in 
shape, with both ends rounded. It is rigid, noncontractile and about ll/2 
times a·s long as it is wide. 
The ectoplasm is a thin homogeneous layer. The endoplasm is coarse-
ly granular and contains plant fibers and other large food particles. The 
whole. body is covered by a cuticle. The occipital arch of membranelles 
which is at the anterior half of the body extending spirally from the left 
side at the region just above the left corner of the peristome over to the 
middle of the right side, a little below the right corner of the peristome. 
The two caudal arches of membranelles which are at the posterior half of 
the body are two half spirals. The dorsal caudal arch extends spirally 
backward from the middle of the left side to the middle of the right side. 
The ventral caudal arch .extends spirally from the right side over to the 
left at a point just a little below the dorsal arch. 
The cytostome is a slit-shaped opening at the ventral side of the 
anterior end of the body. It is surrounded by two rows of adoral mem-
branelles. The cytopyge is situated between the two caudal sheaths at the 
posterior end of the body. The much wrinkled anal tube is present. 
The elongated macronucleus lies close to the right ·surface of the body. 
It is distinctly granular. The anterior and posterior thirds turn slightly 
toward the ventral side. The anterior end of the macronucleus forms a 
hook. The small ellipsoidal micronucleus is situated at the ventral side of 
the middle third of the macronucleus. 
A contractile vacuole is usually found under the anterior third of the 
macronucleus. Reproduction is by transverse fission. 
Measurements of 49 specimens yield the following results: 
Length Thickness 
Range . . . . . . . . . . . . . . . . . . 210 - 370 µ. 130 - 210 µ. 
Mean ................... 273.36 ± 3.62 µ. 163.67 ± 1.75 p. 
Standard deviation . . . . . . 36.86 p. 18.32 p. 
Coefficient of variation . . . 13.84 % 11.18 % 
Habitat: colon. 
Geographic distribution: Russia, U. S. A. 
Genus: DITOXUM Gassovsky, 1919 
Generic diagnosis.-Cycloposthiidae: In addition to adoral mem-
branelles the body is provided with two dorsal arches, occipital and caudal. 
Type-species: Ditoxum funinucleum Gassovsky, 1919 ; only species of 
the genus. 
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Ditoxum funinucleum Gassovsky, 1919 
(Pl. V, Fig. 72) 
Specific dia:gnosis.-Ditoxum: Seen from the side it is elliptical, with 
both ends rounded. The body is constant in form, rigid and noncontractile 
and about twice as long as it is thick. It is slightly flattened bilaterally. 
The ectoplasm is a thin, homogeneous layer. The endoplasm is coarse-
ly granular and contains plant fibers and other large food particles. The 
whole body is covered by a firm cuticle. Posterior extension of the cuticle 
forms a caudal sheath. The main occipital arch of membranelles is located 
dorsally at the anterior end of the body, but it extends to both sides. The 
caudal arch of membranelles is also located on the dorsal side at the poster-
ior end of the body and it extends only to the right side. 
The peristome is on the ventral side at the anterior end of the body. 
It is surrounded by two rows of adoral membranelles. Two cytopyge is 
situated under the caudal sheath. The much wrinkled anal tube can easily 
be seen. 
The macronucleus, which resembles that of Tetratoxum unif ascicu-
latum except that it is a little larg.er posteriorly, lies under the dorsal side 
close to the right surface of the body. The small ellipsoidal mic.ronucleus 
lies under the middle part of the macronucleus. A contractile vacuole is 
usually found just anterior to the micronucleus. Reproduction is by trans-
verse fission. 
Measurements of 49 specimens yield the following results: 
Length Thickness 
Range . . . . . . . . . . . . . . . . . . 135 - 203 µ, 70 - 101 µ, 
Mean ................... 171.28 -+- 1.41 µ, 82.79 -+- 0.57 µ, 
Standard deviation . . . . . . 14.82 µ, 6.00 µ, 
Coefficients of variation . . . 8.65 % 7.24 % 
Habitat: colon. 
Geographic distribution: Russia, U. S. A. 
Class: SUCTORIA Claparede and Lachman, 1858 
Genus: ALLANTOSOMA Gassovsky, 1919 
Generic diagnosis.-Body somewhat cycloid in shape and bearing one 
or more tenacles upon each extremity; both macronucleus and micronucleus 
present; single contractile vacuole; ciliated stages unknown. 
Type-species : Allantosoma intestinalis Gassovsky, 1919. 
Key to the Species of Allantosoma 
1. More than one tenacle upon each extremity ............ . A. intestinalis 
Only one tenacle upon each extremity . . . . . . . . . . . . . . . . . . . . . . 2 
2. Tenacle long, distal end boot-shaped .................... A. dicorniger 
Short tenacle, distal end rounded ................... A. brevicorniger 
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1. Allantosoma intestinalis Gassovsky, 1919 
(PL V, Fig. 73) 
Specific diagnosis.-Allantosoma: Body sausage-shaped, bearing 3 to 
12 tenacles upon each extremity of the body. The suckers are distinct. The 
cytoplasm is filled with small round bodies. The macronucleus is more or 
less spherical and is usually situated in the center of the body. A spherical 
micronucleus lies by the side of the macronucleus. The body length varies 
from 33-60 µ., with a mean of 47.7 µ.; the width varies from 18-37 µ., with 
a mean of 26 µ.. Specimens attached to Cycloposthium bipalmatiim, Bleph-
arocorys curvigula, Blepharocorys uncinata and Blepharoprosth?'um pireum 
have been observed. 
l-Iabitat: cecum and colon. 
Geographic distribution: Russia, U. S. A. 
2. Allantosoma dicorniger Hsiung, 1928 
(Pl. V, Fig. 74) 
Specific diagnosis.-Allantosoma: Body is more or less cycloid in 
shape, bearing one incurved tenacle on each end. The outline of the 
distal end of the tenacle somewhat resembles that of a boot. The surface 
lying between these two tenacles is nearly fiat, while the remaining surface 
is convex. The cytoplasm is filled with numerous granules. 
A subspherical macronucleus lies near the center of the body. A small 
micronucleus lies at the side of the macronucleus. A single contractile 
vacuole can usually be seen near the macronucleus. Body length varies 
from 20-33 µ., with a mean length of 27 µ.; the width varies from 10-20 µ., 
with a mean of 16.4 µ.. 
Every individual observed was unattached to any other organism. 
Habitat: colon. 
Geographic distribution: U. S. A. 
3. Allantosoma brevicorniger, Hsiung, 1928 
. (Pl. V, Fig. 75) 
Specific diagnosis.-Allantosoma: Body resembles that of an elongated 
A. dicorniger. It also bears one slightly incurved tenacle on each end of 
the body. The tenacles are short and slender. The distal end of the tenta-
cle is rounded. The cytoplasm is slightly granular. 
The ellipsoidal macronucleus lies in the center of the body. A small 
subspherical micronucleus lies at one end of the macronucleus. A single 
contractile vacuole is usually located near the macronucleus. The body 
length varies from 23-36 µ., with a mean of 29.6 µ.; the width varies from 
7-11 µ., with a mean of 8.6 µ.. 
Some have been found attached to the body of Didesmis ovalis, Par-
aisotricha colpoidea, Paraisotricha beckeri, Paraisotricha minuta and Bleph-
arocorys jubata. · 
Habitat: cecum and colon. 
Geographic distribution: U. S. A. 
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PHYSIOLOGICAL RELATIONSHIPS 
Gruby and Delafond (1843) had the idea that those protozoa which 
grew upon plant materials in the large intestine of the horse really supplied 
animal protein to the herbivore by being digested by the host. 
Bundle (1895) thought that these protozoa might assist in maceration 
and mixing of the cecal contents. He also had the idea that they might 
also help in transforming indigestible food material into easily digestible; 
material. 
After some experiments Bienert (1926) concluded that those protozoa 
played a very important role as a source of protein by converting indigest-
ible food material into easily digestible animal protoplasm. 
Fanthan (1921) observed Cycloposthium bipalmatum in the feces of 
colicky horses. Counts were made by him daily. He stated, ''Coincident 
with the increase in the number of the ciliates there was an increase in 
the softness and pulpiness of the feces of the horses. When the number 
of ciliates was very low or zero, the feces were formed and hard. As the 
number increased, the feces became softer and looser until at periods of 
maximum crop of ciliates the feces were practically diarrhoeic in charac-
ter." It seems natural to the writer that loose feces from any number of 
causes would flush out a great number of protozoa, but when the feces are 
hard, most protozoa would become partially desiccated and destroyed. 
Therefore, Fantham's observations of themselves do not justlfy any as-
sumption that these protozoa caused the colic of the horse. 
Recently Becker, Schulz and Emmerson (1930) have proved by ex-
periments that rumen infusoria are in no way a significant help to their 
host. They regard these protozoa as commensals. Although there is not 
yet a single experiment to support him, the writer is of the opinion that 
those protozoa in the large intestine of the horse are likewise harmless 
commensals. 
INFECTION 
Bundle (1895) concluded that the horse got its infection of infusoria 
through Dauerzustiinde or cysts. Fantham (1921) traced the source of 
infection which caused colic of the horse to a dirty stable broom used in the 
infected stable. However, he did not state whether it is transmitted by 
cysts or by trophozoites. The writer has examined fecal material from 
six horses and material from the large intestine of 40 horses, but not 
once has he found any cysts. Instead, only living trophozoites are found. 
It is the writer's opinion that the infection is transmitted by the contam-
ination of food and drink with feces containing living trophozoites. 
Becker and Hsiung (1929) attempted to infect the rumen of an azoic 
goat with infusoria from the colic contents and fecal material ·of horses. 
In the first trial 10 c.c. of fluid from mixed materials of No. 22 and No. 
23 were given through a stomach tube. A few days later 5 c.c. of each 
No. 22 and No. 23 were given in the same way. About two weeks after the 
second trial 5 c.c. of No. 23 were given again. Two weeks after the third 
trial 10 c. c. of No. 24 were given. 
They identified in the material from the horses living speciments e>f 
Cycloposthium bipalniatum, C. scutigM·um, Blepharocorys angusta, B. 
curvigula, B . jubata, Didesniis qiiadrata, D. ovalis, Bundleia postciliata, 
Tripalmaria dogieli, Tri'adinium caudatum, T. galca, T. minimum, Ditoxum 
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funinucleum, Tetratoxum unif asciculatum, Spirodinium equi, Chai· on equi, 
Paraisotricha colpoidea and Allantosoma intestinalis. Although they ex-
amined the rumen contents for weeks, no infection took place. This shows 
that the horse infusoria will not develop in the stomach of ruminants and 
that the horse infusoria are specific. 
SUMMARY 
1. Of the 46 horses examined, four classes of protozoa,-Rhizopoda, Mas-
tigophora, Ciliata and Suctoria, were represented in the fauna of the 
large intestine of the horse. The order Coccidia was not represented. 
The ciliates are by far the predominating class, both in numbers and in 
variety of forms. 
2. Of the Rhizopoda, two species of the same genus were recorded. Of the 
Mastigophora, four species, two of which are new, were recorded. Of 
the Cilia.ta, forty-eight species, seven of which are new, belonging to 
twenty-four genera were recorded. Of the Suctoria, three species of the 
same genus were recorded. 
3. All the oligotrichs, except Cycloposthium, were found only in the colon, 
while the other ciliates, except a few rare ones, were found in both cecum 
and colon. 
4. The physiological importance of these protozoa to their host is still 
unsolved. It is suggested that they are mere commensals. 
5. It is suggested that the infection is transmitted through trophozoites 
in the feces which contaminate the food and drink of other horses. In-
fection of the goat's rumen with horse infusoria was not successful. 
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PLA'rE I 
(All drawings are original except when stated otherw'ise,) 
1. Endamoeba gedoelsti. X 833. 
2-3. Oilcomonas equi. X 833. 
4. Trichomonas equi. X 833. 
5. CalU11nastix equi. X 833. 
6 Dorsal view of Didesmis ovalis. X 403: 
7. Dorsal view of Didesmis quad rat a. X 403. 
8. Dorsal view of Didesmis spiralis. X 403. 
9. Blepharoprosthium pfreum. X 403. 
10. A specimen of B. pireum digesting Blepharocorys uncinata. X 403. 
11. Blepharosphaera intestinalis... X 403. 
12. Blepharosphaera ellipsoidalis. X . 403. 
13. Holophryoides ovalis. X 403. (After Gassovsky, 1919.) 
14. Blepharozoum zonatum. X 400. (After Gossovsky, 1919.) 
15. Prorodonopsis coli. X 403. (After Gassovsky, 1919.) 
16. Paraisotrichopsis composita. X. 403. (After Gassovsky, 1919.) 
17. Blepharoconits hemiciliatus. X 403. (After Gassovsky., 1919.) 
18. Blepharoconus cervicalis. X 403. (After Hsiung, 1930.) 
19. Blepharoconus benbrooki. X 833. 
20 Bundleia postciliata. X 403. 
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PLATE II 
Fig. 21. Alfoiozona trizona. X 403. (After Hsiung, 1930.) 
Fig. 22. A specimen of LL. trizona parasitized by Sphaei'ita. X 403. 
Fig. 23. Polymorpha ampiilla. X 833. 
Fig. 24. , Ampullamila ampulla. X 403. (After Fiorentini, 1890.) 
Fig. 25. Blepharocodon appendiculatiis. X 833. (After Bundle, 1895.) 
Fig. 26 Lateral view of Paraisotricha colpoidea. X 403. 
Fig. 27. Lateral view of Paraisotrichn beckeri. X 403. (After Hsiung, 1930.) 
lhg. 28. Lateral view of Paraisotricha 1iviniita. X 403. 
Fig. 29. A specimen of P. niinuta parasitized by Sphaerita. X 403. 
l!~ig . 30. A specimen of P . minuta parasitized by Allantosonia brevicorniger. X 403. 
l!~igs . 31-32. Exconjugants of P. 1ninuta. X 403. 
l!~ig. 33. Lateral view of Blepharocorys imcinata. X 403. 
Figs. 34-38. Specimens of B . uncvnata showing the development of the anterior pro-
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
.Fig. 
39. 
40. 
41. 
42. 
43. 
44. 
eess. X 403. 
Lateral view of Blepharocorys valvata. X 403. 
Lateral view of Blepharocorys jiibata. X 403. 
Lateral view of Blepharocorys curvig1ila. X 403 . 
Lateral view of Blepharocorys angiista. X 403. 
Lateral view of Blepharocorys cardi<Yniteleata. X 403. 
Dorsal view of Charon equi . X 833. (After Hsiung, 1930.) 
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Fig. 45. 
Fig. 46. 
Fig. 47. 
Fig. 48. 
Fig. 49. 
Fig. 50. 
Fig. 51. 
Fig. 52. 
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PLATE III 
Lateral view of Cycloposthilum bipalmatum. X 403. 
Conjugating specimens of C. bipal'lnatum. X 403. 
Lateral view of Cycloposthiuni dentiferum. X . 403. 
Lateral view of Cycloposthium ishilcawai. X 290. (After Gassovsky, 1919.) 
Lateral view of Cycloposthiitm edentatum. X 403. 
Lateral view of Cycloposthium piscicauda ... X. 290. (After Strelkow. 1928 
from Annales de Parasitologie. Modified.) 
Lateral view of Cycloposthium scutigerum. X 403. 
Laterval view of Cycloposthium affinae. X 403. 
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PLATE IV 
Fig. 53. Dividing form of C. affinae. X 403. 
Figs. 54-55. Exconjugants of C. affinae. X 403. 
Fig. 56. Lateral view of Cycloposthium corrugatum ... X 403. 
Figs. 57-58. Laternl views of Spirodinium equi. X 403. 
Fig. 59. Lateral view of Triadinium caudatum. X 403. 
Fig. 60. Dividing form of T. caudcitum. X 403. 
Fig. 61. Lateral view of Triaclinium galea. X 403 
Figs. 62-64. Divising forms of T. galea. X 403. 
Fig. 65. Lateral view of Triadinium minimwm. X 403. 
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PLATE V 
Fig. 66. Lateral view of Tetratoxum unifasciculatiim. X 403. 
Fig. 67. Lateral view of Tetratoxum excavatwin. X 403. 
Fig. 68. Lateral view of Tetratoxum, parvum. X 403. 
Fig. 69. Laternl view of Tripalmaria dogieli. X 403. 
Fig. 70. Divising form of T. dogieli. X 403. 
Fig. 71. Lateral view of Cochliatoxum periachtum. X 403. 
Fig. 72. Lateral view of Ditoxum funvnucleiim. X 403. 
Fig. 73. Allantosoma ilntestinalis. X 403. 
Fig. 74. Allantosoma dicorniger. X 403. 
Fig. 75. All(llntosoma brevicorniger. X 403. 
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The fact that nitrogen may be added to field soils through the activities 
of microorganisms was first established by Berthelot. His attempts to 
isolate the causative agents in this nitrogen fixation process were unsuc-
cessful, but a few years later Winogradsky succeeded in isolating an an-
aerobic spore forming organism which possessed this ability. · He named 
this organism Clostridium pasteiirianum. In 1901 Beijerinck isolated an-
other type of organism which was able to fix atmospheric nitrogen in the 
soil. This was an aerobic organism and it did not produce spores. He 
gave it the name Azotobacter chroococcurn. Other species belonging to 
each of these genera have since been discovered and likewise have been 
found to be capable of fixing atmospheric nitrogen. 
Since the discovery of these nitrogen-fixing bacteria many researches 
have dealt with their distribution in soils and their economic importance 
in the maintenance of soil fertility. These bacteria are widely distributed 
in nature, having been found in many soil types from practically all nations 
of the world. There are some definite limits to their distribution, however. 
This is especially true of the aerobic group of organisms of the genus Azo-
tobacter. 
It has long been known that the organisms of this genus are sensitive 
to soil acidity, and it has been shown by Gainey (1), Niklas, Poschenrieder 
and Hock(2), and others, that these organisms very seldom occur or that 
they are inactive in soils with an acidity greater than pH 6.0. A few 
soils more acid than pH 6.0 were found to contain Azotobacter but the 
·majority did not. Many soils with less acidity than pH 6.0 were also found 
to be without these organisms and in some cases where the organisms were 
present they did not appear to be vigorous and were considered to have 
a low physiological efficiency with respect to nitrogen fixation. Practically 
all the studies on the occurrence and distribution of the aerobic nitrogen-
fixing bacteria, and especially those belonging to the genus Azotobacter, 
have indicated that these organisms are very sensitive to environmental 
conditions. They seem to be especially sensitive toward soil acidity. In 
addition, their growth and nitrogen-fixing ability are affected by other soil 
deficiencies, and particularly by a lack of available phosphorus. In fact 
their growth and nitrogen-fixing ability are limited to such an extent by 
deficiencies of lime and phosphorus in soils that a number of so-called 
Azotobacter tests have been devised to test soils for deficiencies in these two 
constituents. 
*Assistant Chief and Chief in Soil Bacteriology. 
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The anaerobic nitrogen-fixing bacteria of the Clostridium group have 
been found to be more generally distributed in nature. They have been 
found in practically all soils tested, including soils of many countries and 
of widely varying formation and characteristics. They are not as sensitive 
to .soil acidity as the aerobic Azotobacter organisms, and apparently they 
are not affected as much by other soil deficiencies. 
The question of the relative economic importance of these two groups 
of nitrogen-fixing bacteria in soils is an extremely interesting one. Ever 
since the discovery of the areobic organisms they have been considered to 
be of the greatest economic importance in cultivated soils. But in spite of 
this belief, it has been known that the aerobic organisms are entirely absent 
in many soils and relatively inefficient in others. In such soils this group 
of organisms can be of no economic importance. On the other hand, 
although the anaerobic organisms may be present in most soils, it has been 
considered by many that they were relatively unimportant except in such 
abnormal soils as those that were poorly drained and unsuited for the eco-
nomic production of crops. In recent years, however, so.me investigators 
have been led to believe that the anaerobic nitrogen-fixers are of greater 
importance in adding nitrogen to soils than has generally been considered 
possible. Upon this point there has been no conclusive evidence, and it 
seems that an investigation into the question of the actual importance of 
these two groups of nitrogen-fixing organisms in maintaining the nitrogen 
supply of field soils would be very desirable. In this connection, some in-
teresting points have been brought out in our studies on nitrogen fixation 
during the past year. The results which are presented here are by no means 
conclusive but merely emphasize the need of a thorough study of the rela-
tive importance of these two groups of bacteria in field soils. 
In one of our experiments where various kinds and amounts of lime 
had been applied to Grundy silt loam, tests are being conducted to determine 
the effect of the various lime treatments upon the bacteriological activities 
in the soil. The Grundy silt loam is a loessial or wind blown soil; it is 
fairly rich in organic matter, and it has a high buffering capacity but is 
quite acid, the pH being about 5.4 to 5.6. 
Among other tests on this soil the nitrogen-fixing power of the treated 
soils was measured. Two methods were outlined for this study. First, it 
was planned to measure the amount of nitrogen fL"'{ed when one gram of 
fresh soil was used to inoculate a silica gel medium in large petri dishes, 
which were subsequently allowed to incubate for 7 days at 28°C. Second, 
it was planned to measure the amount of nitrogen fixed when five grams of 
fresh soil were used to inoculate 50cc. of a nitrog.en-free mannite solution, 
which was then incubated for 3 weeks at 28°C. 
The results of these studies are presented in table 1. These data show 
that there was no fixation of nitrogen on the silica gel. But there was 
a definite fixation of nitrogen in the solution cultures when the same soils 
were used for inocula. Two things may be assumed from these data: either 
the silica gel medium may not be situable for the growth of nitrogen-fixing 
bacteria, or the two media present such widely different environments that 
certain groups of organisms which will grow on one 'vill not develop on 
the other. 
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TABLE 1. Milligrams of Nitrogen Fixed on Silica Gel and in Solution Culture when 
Inoculated with Grundy silt loam 
Milligrams of nitrogen fixed 
Plot Soil treatment Silica gel inoc. Solution culture 
no. with one gram inoculated with 
of soil five grams of soil 
1 No lime -0.08 5.66 
2 One ton of lime 0.14 6.82 
3 Two tons of lime -0.52 7.39 
4 Three tons of lime - 0.59 6.50 
5 Four tons of lime 0.27 7.01 
6 Five tons of lime -0.01 5.91 
7 Six tons of lime 0.14 6.39 
8 No lime 0.18 4.55 
9 20 mesh lime, 3 tons 0.14 6.52 
10 40 mesh lime, 3 tong - 0.12 6.80 
11 100 mesh lime, 3 tons - 0.38 6.31 
12 Hydrated lime, equivalent to 
three tons lime -0.13 7.55 
In order to clarify the first point, tests were conducted using soils from 
another set of experimental plots, some of which were known to support a 
vigorous growth of Azotobacter and others in which no Azotobacter have 
been found. This series of experimental plots is located on the Carrington 
loam. The soil treatments and results secured in these nitrogen-fixation 
tests are presented in table 2. 
TABLE 2. Milligrams of Nitrogen Fixed on Silica Gel when Inoculated with 
Carrington Loam 
Plot Milligrams of nitrogen 
no. Soil treatment pH of soil fixed on silica gel 
905 No treatment 5.60 11.97 
906 Manure 5.98 12.14 
907 Manure + lime 7.11 11.05 
908 Lime 6.23 10.57 
909 No treatment 5.57 0.54 
These results show that the silica gel medium is suitable for nitrogen 
fixation measurements. In fact, there was about twice as much nitrogen 
fixed in these experiments on Carrington loam as there was in the previous 
experiments with Grundy silt loam· Inasmuch as a different soil was used 
in the two experiments another experiment was conducted as follows : por-
tions of soil from plots 1, 4, and 12 of the Grundy silt loam experiment 
were inoculated with a pure culture of Azotobacter and allowed to incubate 
for a few days, after which one gram of soil was used to inoculate silica 
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gel plates. To serve as controls, other plates were inoculated with soils 
which had not been inoculated with a pure culture of Azotobacter. In 
addition, other silica gel plates were inoculated with a pure culture of 
Azotobacter without soil. The results secured in these tests are shown in 
table 3. These data show that the pure culture of Azotobacter fixed appre-
ciable amounts of nitrogen on silica gel plates under the conditions of the 
experiment. They also show that large amounts of nitrogen were fixed 
on the silica gel plates when inoculated with soils that were known to con-
tain Azotobacter, even when these soils gave negative results in nitrogen 
fixation tests under similar conditions before Azotobacter organisms were 
added to them. 
TABLE 3. Milli.grams of Nitrogen Fixed on Silica Gel 
Fleites when inoculated with a pure culture of Azotobacter and 
when inoculated with Grimdy silt loam with and without 
Soil 
no. 
1 
1 
4 
4 
12 
12 
Azotobacter 
Soil treatment 
Not inoculated 
Inoculated with Azotobacter 
Not inoculated 
Inoculated with Azotobacter 
Not inoculated 
Inoculated with Azotobacter 
Azotobacter without soil 
Azotobacter without soil 
Milligrams of nitrogen 
fixed on silica gel plates 
0.55 
10.03 
0.63 
9.56 
0.18 
10.17 
7.07 
7.65 
It would seem then, that no nitrogen fixation occurred in the original 
tests on Grundy silt loam because of a lack of aerobic nitrogen-fixing or-
ganisms. When these organisms were added to the soil an appreciable 
nitrogen fixation took place. 
On the other hand, appreciable amounts of nitrogen were fixed in 
solution cultures when inoculated with the Grundy soils. It seems that 
the difference in results secured with the two methods for the Grundy soils 
may be due to a fixation of nitrogen by the anaerobic bacteria of the soil. 
This has not been proven definitely but has been assumed for the following 
reasons. On the silica gel plates the growth conditions were undoubtedly 
favorable for the growth of aerobic nitrogen fixing organisms but unfav-
orable for the anaerobic organisms. In the solution cultures, however, the 
growth conditions may have been favorable at least partially for the an-
aerobic organisms, thus permitting of their growth and the fixation of 
nitrogen. 
Whether the anaerobic organisms are active in fixing atmospheric 
nitrogen in these soils in the field is not known; and whether or not they 
would add nitrogen to the soil in the field if the aerobic Azotobacter organ-
isms were present, is likewise unknown. Neither do we know how much 
nitrogen either of these groups of bacteria will add to field soils in the 
course of a year, nor the Telative importance of each group. It seems 
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that these questions warrant a thorough investigation and that their answer-
ing would be of practical importance as well as of much interest from the 
· scientific point of view. 
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INTRODUCTION 
It is known that the hydrogen ion concentration of neutral water 
changes very rapidly with small ca11bon dioxide pressures, and that this 
concentration continues to increase up to a pressure of one atmosphere, 
where the solution becomes 0.0338 molar in C02 at 25° (6). Kendall (1) 
found the first ionization constant ·at 25° to be 3.50 X 10-1 for the concen-
tration range corresponding to less than 1 atm. C02 pressure. This con-
stant is based upon the total G02 in the solution, not upon the hydrated 
form only. 
With the aid of the above data, one may readily calculate the hydrogen 
ion concentration expected for a C02 pressure of 1 atm. at 25° to be 
1.088 X 10-4 or 10-8· 96• 
It should be of interest to determine whether or not this increase of 
acidity continues as the pressure becomes much greater. In view of the 
known value of carbon dioxide as a germicidal agent, especially in the case 
of beverages, it should be a matter of both theoretical and practical im-
portance to determine whether the germicidal action of carbon dioxide 
under moderate pressures may be due to the develop,ment of sufficiently 
high acidity to inhibit the growth of organisms. 
HISTORICAL AND THEORETICAL 
Pfeiffer (2) and Haehnel (3) have measured the conductivities of C02 
solutions at pressures up to 25 atm. and 52 atm., respectively. Pfeiffer's 
experiments were carried out at 0° and at 12.5°, while the results of 
Haehnel are for 0° and 15°. 
The hydrogen ion concentrations and ionization constants correspond-
ing to the conductivity values found by these two authors have been calcu-
lated, and these calculated values, together . with the original data, are 
tabulated in table 1. Pfeiffer's original paper gives conductivities in 
Siemens' units, but these have been converted into reciprocal ohms in this 
table. 
The values for AOO at 0°, 12.5°, and 25° were taken from the paper by 
Kendall (1). That for AOO at 15° was calculated from the value at 18° 
according to the data and empirical equation given by Kolthoff ( 4). 
*A thesis submitted to the Graduate Faculty of Iowa State College in partial ful· 
fillment of the requirements for the degree of Doctor of ~hilosophy. 
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Pressures used by Pfeiffer are not given in table 1, as his work was 
carried out at temperatures only approximately constant, and corrections 
introduced to bring the conductivity values to those for the ex:act tempera-
ture sought. 
In the values of k1 there appears to be a break betwen 1 atm. and 
5 atm. at 0°, according to the data of both the previously mentioned au-
thors. Therefore we have averaged the values obtained above 1 atm. in 
each case. (Table 2.) 
It will be seen that the agreement is good for 0°, but the values for 
12.5° and 15° appear to be in the wrong order. 
Moreover, it seems inconsistent that there should be such a decided 
drop of the ionization constant betwen one and five atm., with no appre-
ciable further change as the pressure is increased. 
A calculation of the ionization constant based_ on the hydrated portion 
of the 002 was attempted. For this purpose, the straight-line function 
given by Shipley and McHaffie ( 5) was extrapolated. Their curve was 
obtained by plotting log of total concentration of C02 (log m) against log 
of fraction of the C02 existing in the hydrated form (log n). By extrapo-
lation of their straight-line curve, values for n were obtained correspond-
ing to the values for m used by Haehnel. Thus one may calculate values 
for the ionization constant, 
[H+] [HCOa-] 
[H2COa] 
For a pressure of 5 atm., when m = 0.205 at 15° one finds n = 8.14 
x 10-s; and the calculation for k11 ·gives it a negative value. This calcula-
tion is only approximate, as n was obtained for 18°, but it approaches 
exactness closely enough to show that to extrapolate such a function to a 
molar concentration as high as 0.205 is not legitimate. In fact, it seems to 
cast doubt upon the reliability of this function for even a limited concen-
TABLE 1. Cafoulation of H-ion Concentratio'll, and ionization constants from con-
ductivity measurements 
1. Haehnel. 
(a) Temperature 0° Aoo = AH+ + AHco.- = 264 
Pres- Vol. CO, Mol. CO, Conductivity Fraction H pH K, 
sure per 1 Vol. per L. ionized x 10. x 10' 
(atm.) H,O H,O Specific Molar x 10• 
(0° 760mm.) L x 104 
1 1.80 0.0804 0.140 0.174 6.59 0.530 4.28 3.49 
5 8.71 0.389 0.667 0.171 6.48 2.52 3.60 1.63 
10 15.89 0.709 0.919 0.130 4.92 3.49 3.46 1.72 
15 21.82 0.974 1.063 0.109 4.13 4.02 3.40 1.66 
20 26.53 1.184 1.186 0.100 3.70 4.48 3.35 1.62 
25 30.46 1.360 1.250 0.0919 3.48 4.73 3.32 1.65 
30 33.65 1.502 1.282 0.0854 3.23 4.86 3.31 1.57 
35 36.73 1.640 1.318 0.0804 3.05 4.99 3.30 1.53 
38 37.87 1.691 1.326 0.0784 2.97 5.02 3.30 1.49 
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(b) Temperature 15° Aoo = 340 
1 1.00 0.0446 0.4055 0.909 26.7 1.19 3.92 3.18 
5 4.59 0.205 0.789 0.385 11.3 2.32 3.63 2.62 
10 8.39 0.375 1.088 0.290 8.53 3.20 3.49 2.73 
15 11.85 0.529 1.339 0.253 7.44 3.94 3.40 2.93 
20 15.21 0.679 1.515 0.223 6.56 4.45 3.35 2.92 
25 17.64 0.7875 1.678 0.213 6.26 4.93 3.31 3.09 
30 20.31 0.907 1.764 0.194 5.71 5.18 3.29 2.96 
35 22.52 1.005 1.831 0.182 5.35 5.38 3.27 2.94 
40 24.44 1.091 1.911 0.175 5.15 5.62 3.25 2.89 
45 25.59 1.142 1.940 0.170 5.00 5.71 3.24 2.855 
50 27.06 1.208 1.971 0.163 4.80 5.80 3.24 2.78 
52 27.67 1.235 1.983 0.161 4.73 5.85 3.23 2.77 
Table 1 cont'd. 
2. Pfeiffer. 
(a) Temperature 0° Aoo 264 
Vol. C02 Mol. CO, Conductivity Fraction rH+] pH k, 
per 1 vol. per 1 L. i ,...,~.:.... ,:1 x 10 x 101 
H,O H,O Specific Molar a x 10' 
(0° 760mm.) M L x 10• A 
0.92 0.0411 0.277 0.673 25.5 1.05 3.98 2.67 
0.95 0.0424 0.275 0.644 24.4 1.03 3.98 2.52 
1.00 0.0446 0.296 0.664 25.15 1.12 3.95 2.82 
1.67 0.07455 0.345 0.463 17.5 1.30 3.88 2.28 
1.67 0.07455 0.341 0.458 17.3 1.29 3.89 2.23 
1.68 0.0750 0.344 0.459 17.4 1.305 3.88 2.27 
5.10 0.228 0.537 0.236 8.94 2.04 3.69 1.82 
5.82 0.260 0.556 0.214 8.106 2.11 3.68 1.71 
7.30 0.326 0.614 0.188 7.12 2.32 3.63 1.65 
8.17 0.365 0.635 0.174 6.59 2.41 3.62 1.59 
9.46 0.422 0.705 0.167 6.33 2.67 3.57 1.69 
10.55 0.471 0.788- 0.156 5.93 2.79 3.55 1.66 
12.55 0.560 0.789 0.141 5.34 2.99 3.52 1.60 
12.85 0.574 0.798 0.139 5.26 3.02 3.52 1.59 
13.44 0.600 0.799 0.133 5.04 3.02 3.52 1.52 
14.09 0.629 0.853 0.135 5.13 3.23 3.49 1.66 
14.76 0.659 0.856 0.130 4.92 3·.24 3.49 1.59 
15.93 0.711 0.942 0.132 5.00 3.55 3.45 1.78 
15.98 0.713 0.918 0.128 4.87 3.45 3.46 1.69 
16.53 0.738 0.970 0.131 4.98 3.67 3.43 1.83 
17.95 0.801 0.986 0.123 4.66 3.73 3.43 1.74 
18.29 0.816 0.986 0.121 4.58 3.74 3.43 1.71 
19.87 0.887 1.073 0.121 4.58 4.06 3.39 1.86 
19.95 0.891 1.018 0.114 4.32 3.85 3.41 1.66 
23.34 1.042 1.138 0.109 4.13 4.30 3.37 1.78 
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Table 1 cont'd. 
(b) Temperature 12.5° Aoo = 323 
Vol. C02 Mol. CO, Conductivity Fraction rH+l pH ki 
per vol. per 1 L. ionized x 10• x 107 
H,O H,O Specific Molar ax 104 
0° 760mm. K x 10• A ax 104 
0.92 0.0411 0.390 0.949 29.4 1.21 3.92 3.55 
0.95 0.0424 0.400 0.943 29.2 1.24 3.91 3.62 
1.00 0.0446 0.421 0.944 29.2 1.30 3.89 3.80 
1.67 0.0745 0.500 0.671 20.77 1.55 3.81 3.22 
1.67 0.0745 0.491 0.658 20.4 1.52 3.82 3.10 
1.68 0.0750 0.495 0.660 20.4 1.53 3.82 3.12 
3.40 0.152 0.684 0.450 13.9 2.11 3.68 2.94 
4.15 0.185 0.778 0.421 13.0 2.40 3.62 . 3.13 
4.34 0.194 0.821 0.423 13.1 2.54 3.60 3.33 
6.35 0.283 0.989 0.350 10.8 3.06 3.51 3.32 
6.73 0.300 1.024 0.341 10.5 3.17 3.50 3.17 
7.33 0.327 1.041 0.318 9.84 3.22 3.49 3.17 
7.64 0.341 1.101 0.323 10.0 3.41 3.47 3.41 
8.44 0.377 1.090 0.289 8.95 3.37 3.47 3.02 
9.09 0.406 1.166 0.287 8.88 3.61 3.44 3.20 
9.79 0.437 1.229 0.281 8.70 3.80 3.42 3.31 
10.38 0.463 1.226 0.265 8.20 3.80 3.42 3.11 
10.46 0.467 1.293 0.277 8.58 4.01 3.40 3.44 
13.36 0.596 1.379 0.231 7.15 4.26 3.37 3.05 
13.89 0.620 1.430 0.231 7.15 4.43 3.35 3.16 
14.25 0.636 1.453 0.228 7.06 4.49 3.35 3.17 
15.06 0.672 1.473 0.219 6.78 4.56 3.34 3.09 
15.17 0.677 1.456 0.215 6.65 4.51 3.35 3.00 
15.70 0.701 1.467 0.209 6.47 4.53 3.34 2.93 
15.72 0.702 1.483 0.211 6.53 4.58 3.34 2.99 
17.75 0.792 1.542 0.194 6.02 4.77 3.32 2.87 
19.45 0.868 1.644 0.189 5.85 5.08 3.29 2.97 
20.03 0.894 1.665 0.186 5.74 5.13 3.29 2.35 
tration range, which is not dispelled by a careful consideration of the 
method used in obtaining it. Shipley and McJiaffie's data are calculated· 
from theoretical consideration of the results obtained in titration of solu-
tions of carbonates and rest on the assumed constancy of the product 
[H+] [C03-]. They found this product to remain practically constant in 
alkaline solutions, and assume the constancy to hold also in acid solutions· In 
deriving values for n they use Walker and Cormack's value (7) of 3.0 x 10-1 
for k1 and assume that their theoretical values of k11 bar the relation to 
the value of ki: 
TABLE 2. Ionization constants of carbonic acid at high pressures 
Temperature 
o· 
12.5° 
15° 
Haehnel 
1.61 
2.86 
ki x 10' 
Pfeiffer 
1.69 
3.13 
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ki 3.04 x 10-1 
k11 =-, or ki1 =------
n n 
However, n, according to their calculations, appears to be of nearly 
the same order of magnitude as a, and hence a cannot be neglected legiti-
mately in the denominator of the exact expression for the relation between 
these two forms of the ionization constant: 
1-a 
n-a 
As no other authors have attempted to express the fraction of 002 
hydrated as a function of concentration, a calculation of k11 cannot be 
made for pressures above 1 atm. 
EXPERIMENTAL 
In order to determine colorimetrically the pH in solutions of carbon 
dioxide at pressures above one atmosphere, it was necessary to design an 
apparatus whereby the gas could be admitted under various pressures and 
allowed to reach equilibrium with its solution before readings were taken. 
Fig. 1. 
The final form of apparatus used is sketched in the accompanying 
diagram (Fig. 1). The arrangement of the complete apparatus is theTe 
shown. Fig. 2 shows a front view of the apparatus, and gives more details 
of the parts which are peculiarly adapted to this work. On opposite sides, 
the brass-case ( C) contains slits (F), thru which the liquid in the bottle 
(P) may be viewed. A rubber gasket is interposed between the bottle and 
the brass head holding the gauge ( G). The head may be firmly clamped 
onto the top of the bottle by ;means of the key (K) which is dTiven through 
slits in the case. Gas from the supply tank may be admitted thru the 
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flexible copper tubing (T) which extends through the wooden shoulders 
(W) swinging in the supports (R)· 
In order to make a series of colormetric determinations, 192 cc. of con-
ductivity water and 8 cc. of 0.04 per cent solution of brom phenol blue 
are placed in a six and one-half ounce bottle, and C02 gas is bubbled in 
for an hour under the atmospheric pressure in order to displace air dis-
solved in the water or present in the top of the bottle. The pH of the 
solution at 1 atm. C02 pressure can now be read by comparison with the 
standards. This reading was found not to vary within the limit of accuracy 
of the experiment (0.1 pH unit) with any variation in barometric pressure 
in this vicinity. 
After saturation of the water containing indicator with C02, the bub-
bling of gas is continued to prevent entrance of air while the bottle i 
placed in the apparatus and the key driven in. If the bubbling is slow, 
there will be only a small pressure of C02 built up by this time. The 
needle-valve from the tank may now be closed and the appaTatus shaken, 
shaking being continued for some time after there appears to be no further 
change in the indicator or in the gauge reading . 
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A series of readings may be taken on the same sample by increasing 
the pressure. The sample is again shaken until equlibrium is reached before 
its coloT is compared with the standards. 
In order to maintain the temperature practically constant, the bottle 
of water was immersed for a considerable time either in a 25° thermostat 
(-+- 0.1°) or in a crock of melting ice which was frequently stirred. Water 
from the thermostat was used to maintain the temperature during the time 
the C02 was bubbled in and after the sample was cla,mped in the apparatus. 
After shaking to insure equlibrium, sufficient time was allowed for this 
temperature to be regained. These precautions appeared to be unnecessary, 
as it was not possible to read any change in the indicator corresponding 
to a considerable change in temperature, such as variations in the them-
perature of the room. Indeed, there is little variation in the results for 
0° and 25°. It must be borne in mind, however, that the method is sensitive 
to 0.1 pH only. 
The range of the indicator used was checked by the potentiometric 
method using a bubbling hydrogen electrode, and was found to extend from 
3.0 to 4.6, which agrees with values previously reported for this indicator. 
The ''double standard'' method was used for comparison· A total 
of 8 cc. indicator was used in each pair of standards, one bottle be-
ing sufficiently acid to insure all its indicator being in the acid form and 
the other alkaline so that this portion of the indicator was all in the al-
kaline form. The standards used were made up according to the scheme 
given in table 3, using a total volume of 200 cc. in each bottle, the bottles 
of course being similar to the one containing the sample. 
TABLE 3. Standards for colometric measurements of pH 
Bottle 1 Bottle 2 pH 
Pair (alkaline) (acid) 
1 0.5 7.5 3.1 
2 1.0 7.0 3.2 
3 1.5 6.5 3.3 
4 2.0 6.0 3.4 
5 2.5 5.5 3.5 
6 3.0 5.0 3.6 
7 3.5 4.5 3.7 
8 4.0 4.0 3.8 
9 4.5 3.5 3.9 
10 5.0 3.0 4.0 
11 5.5 2.5 4.1 
12 6.0 2.0 4.2 
13 6.5 1.5 4.3 
14 7.0 1.0 4.4 
15 7.5 0.5 4.5 
For comparison, the sample to be measured is viewed through the 
vertical slit of the apparatus after inserting a bottle of distilled water 
in the line of vision to correct for any color present in the glass of the 
bottles. This color is then compared with a pair of standards, one of which 
is placed in a can containing vertical slits similar to the ones in the brass 
case of the apparatus. The pH of the solution is then taken as correspond-
ing to the pair most closely matched. In this way it was found possible 
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to distinguish between the different pairs of the series, and hence to read 
the pH to 0.1 unit. 
The bottles used were ordinary six and one-half ounce bottles such as 
are used for soda-water, and were quite uniform in color and thickness. 
The ones used in this work were selected on general appearance for uni-
formity. It was found that so;rne of these bottles would withstand as much 
as 550 lbs. per sq. in. gauge pressure, or about 37 atm. None of the 
bottles used burst with pressure under 27 atm. 
The C02 used was from a commercial tank. It had been analyzed by 
Mr. J. H. Toulouse and found to contain 99.7 per cent C02, 0.050 per cent 
0 2 and 0.003 per cent CO. Hydrocarbons and S02 were found to be absent. 
The results obtained by the colorimetric method are tabulated in table 
4. In cases where a good matching of colors was not obtained, the second 
decimal figure in the pH reading was roughly estimated, these figures 
being added in parenthesis in the table. 
TABLE 4. pH of C02 solutions as determined colorimetrically 
Teniperature 25° Teniperature 0 ° 
CO, Pressure CO, Pressure 
( atni.) pH (atni.) pH 
1.0 3.7 1.0 3.5 
1.7 3.5 (3) 1.4 3.4 
2.5 3.4 (3) 2.6 3.3 (2) 
2.9 3.4(2) 3.6 3.3 
3.7 3.4 8.3 3.3 
3.8 3.4 15.3 3.2(7) 
5.4 3.3 (3) 23.4 3.2(5) 
5.8 3.3 
7.2 3.3 (2) 
7.8 3.3 
9.5 3.3 
10.5 3.3 
12.7 3.3 
18.7 3.3 
33.3 3.3 
Above 9.5 atmospheres, at 25°, there appeared to be very little change 
in the color of the sample as the C02 pressure was increased. At the high-
est pressures used, it appeared to match the pair corresponding to pH 3.3 
better than that corresponding to pH 3.2, although the more nearly even 
matching of colors with the former pair was obtained at about 9.5 atm. 
This apparent tendency to approach a limiting pH value must not 
be due to an indicator error at these high pressures, as other indicators 
failed to give any change corresponding to pH of 3.0 or 2.8. 
This limiting value is not decreased by addition of citric acid to give 
an initial value of 3.5. Neither is there any decrease in pH of a citric acid 
solution initially at pH 2.2 with C02 pressure up to 26.5 atm· 
The colorimetric results obtained are probably accurate to 0.1 pH unit 
at the pressure considerably above 1 atm. At low pressure the error may 
be somewhat greater, due to the fact that [JP] is so small that the ioniza-
tion of the indicator itself may be not inappreciable in comparison. 
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However, ionization constants calculated from the colorimetric pH de-
terminations must be quite inaccurate, in comparison with those obtained 
by the conductivity method. This may be seen readily from consideration 
of the fact that an error of 0:1 in the pH reading at a pH of 3.3 would 
mean an error of approxi,mately 1x10-4 in the [H+], or about 20 per cent 
error. Hence such calculations are not made from the colorimetric data 
given in the foregoing discussion. 
SUMMARY AND CONCLUSIONS 
1. Values for the first ionization constant of carbonic acid, 
[H+] [HCOa-] 
-------=k1 
[H2COa + C02] 
have been calculated from the conductivity measurement of Pfeiffer and of 
Haehnel at high pressures of carbon dioxide. 
2. Calculation of the ionization constant, 
[H+] [;EICOa-] 
[H2COs] 
has been attempted using extrapolated values taken from Shipley and 
McHaffie 's curve for the fraction of the total 002 existing in the hydrated 
form at a given concentration. Such a calculation gives a negative value 
for k11 at five atmospheres C02 pressure· 
3. By a colorimetric method, the hydrogen ion concentration has been 
measured in 002 solutions at a series of pressures up to 33 atm. at 25°, 
and to 23 atm at 0°. The pH of the solution was found to approach a 
limiting value between 3.3 and 3.2. 
This is probably no greater acidity than that due to the citric acid 
added in the majority of carbonated beverages· As citric acid has been 
found to have no effect on the lower limit of pH obtained in C02 solutions 
under the highest pressures studied, the power of 002 to inhibit growth of 
organisms .must be due, at least in part, to some factor other than the 
increase of hydrogen ion concentration in the solution. 
440 MARJORIB B. MOORE WITH J. H. BUCHANAN 
LITERATURE CITED 
(1) KENDALL, J. 
1916. The specific conductivity of pure water in equilibrium with atmos-
pheric carbon dioxide. Jour. Amer. Chenr. Soc. 38:1480-1497. 
(2) PFEIFFER., E. 
1884. Ueber die electrische Leitungsfahigkeit des kohlensauren Wassers und 
eine Methode, Fliissigkeitswiderstande unter hohen Drucken zu messen. Ann. 
Phys. Cbem. 33: 625-650. 
(3) HAEHNEL,, 0. 
1920. tl"ber die Starke der bei hoherem Druck hergestellten wassrigen Kohl-
ensaure. Centbl. Min. Geol. 1920 :25-32. 
(4) KOL'l'HOFF, I. M. 
1923. Konductometrische Titrationen. p. 11. Theodore Steinkopff, Dresden 
und Leipzig. 
(5) SHIPLEY, J. W. AND I. R.MCHAFFIE 
1923. The bicarbonate equilibrium. Jour. Soc. Chem. Ind. 42:319-326T. 
(6) LEWIS, G. N. AND M. RANDALL ' 
1923. TJ:lermodynamics and the free energy of chemical substances. p. 576. 
McGraw-Hill Book Co., New York. 
(7) WALKER, J. AND W. CoRMACK 
1900·. The dissociation constants of very weak acids. Jour. Cbem. Soc. 
77 :5-21. 
THE PROPERTIES OF STARCH WIT.II RELATION TO TIME OF 
FORMATION OF STARCH GELS• 
0. W. CHAPMAN WITH J. H. BUCHANAN 
From the Department of Chemistry, Iowa State College 
Accepted for publication March 11, 1930 
INTRODUCTION 
When a suspension of starch in water is heated, the granules imbibe 
water and become swollen and distorted. Accompanying this imbibition 
there is a change in viscosity. When the heated mixture is allowed to cool 
a gel is formed, and upon standing a clear liquid separates leaving a more 
concentrated gel behind. This separation is known as syneresis, and occurs 
in many starchy foods, such as in canned sweet corn, where it is objection-
able because of a demand for a product of uniform consistency. It is not 
unlikely also that syneresis of the starchy material may be in part the cause 
of the staleing of bread. 
The purpose of this work is to study the' syneresis of starch gels, and 
because of the changes in viscosity which take place during their formation, 
to determine whether or not there is a relationship between the viscosity 
of the pastes and the subsequent behavior of the gels. 
LITERATURE REVIEW 
Early studies on starch were confined almost entirely to microscopic 
investigation, including the determination of the so-called "gelatinization 
temperature". Results of these determinations are summarized by Reichert 
(23). 
Ostwald (21) in 1913 suggested the possibility of employing viscosity 
measurements in the study of staTches· ;He showed that the viscosity in-
creases up to a temperature of 95°, after which there is a decrease, until 
at 120° the viscosity is less than at 90°. This decrease has been observed 
by other investigators also. Stocks (26) found that a freshly prepared 
potato starch suspension gave a higher viscosity reading than one that had 
been allowed to stand. Denham, Blair, and Watts (5) called this the "fall 
back", and attributed it to the syneresis of the paste, but they believed that 
in flour the gluten was responsible chiefly for the change. Harrison (12) 
believed the decrease to be due to a breaking down of the swollen grains, 
and found that the rate of heating affected the results. Harvey (13) noted 
a decrease in viscosity with time for potato and cassava starches, but failed 
to find a similar decrease for corn starch. Samec (24) found that a de-
crease in viscosity resulted when starch suspensions were heated at 120°, 
and concluded that this was due to a gradual hydrolysis of amylophosphoric 
acid. Tiebackx (27) agrees that heating or long standing causes hydrolysis 
*This paper is a part of a thesis submitted to the Graduate Faculty of Iowa State 
College in partial fulfillment of the requirements for the degree of Doctor of Philsoophy. 
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of amylopectin, which is accompanied by a decrease in viscosity. Zwikker 
(28) failed to find any such relationship. Dhar (6) believes that the de-
crease is connected with dehydration, while Mardles (18) attributes such 
changes to progressive gelation. 
Various types of viscosimeters have been employed by different investi-
gators. The Ostwald type has been found to be satisfactory by Denham, 
Blair, and Watts (5) provided that the instrument be designed to give a 
stream line flow, by .Hatschek (14) provided that the rates of flow are the 
same in all cases, and by Farrow and Lowe (9) provided that the same 
instrument is used for all measurements. This type has been found unsatis-
factory by others, including Mardles (18) and Harrison (12). Other types 
of viscosimeters employed include the Scott by McNider (17) and the Red-
wood by E rmen ( 8) . Torsion viscometers have been widely used. Rask 
and Alsberg (22) used a Stormer. Buel ( 4) found that a Doolittle vis-
cometer did not give satisfactory results. The Mac Michael instrument has 
been widely used in flour studies, as by Gortner and Sharp ( 11). 
The principal objection to the measurements of starch suspensions by 
these methods is that they may be plastic rather than viscous. Bergquist (3) 
has pointed out that in or der to measure viscosity of starch suspensions, 
the concentration must be small. Sharp (25) found flour suspensions to 
be plastic when the concentration is above nine per cent. Dunn (7) con-
sidered dough made from wheat flour to be essentially a plastic system. In 
their studies on starch pastes, Herschel and Bergquist (15) employed a 
Bingham plastometer as they found it to be more satisfactory indicator 
of consistency than viscosity measurements. Bergquist (3) found that the 
flow of starch paste is plastic at temperatures below 70°; at higher temper-
atures the flow is viscous. Many investigators, as Ostwald (21) have shown 
that viscosity measurements are sensitive to slight changes in the system, 
and so are of value in the study of the colloidal state, provided that the 
measurements are made under uniform conditions. 
Various explanations for the syneresis of gels have been given, based 
upon the possible structur.es of the gels. Syneresis is defined by Holmes 
(16) as the separation of water solutions from highly hydrated substances, 
such as silicic acid gels. He observed the syneresis of such substances to be 
more pronounced when the gel is free to contract. 
Arsem (1) believes that syneresis results because the structoral ar-
rangements of the units in a gel are inherently unstable, so that a further 
condensation of the associated phase is possible through the re-orientation of 
units, and the release of loosely combined molecules of the liquid phase. 
Barratt (2) associates syneresis with gels in which the fibrils are coarse. 
Fischer (10) states that when the solid phase of a gel is no longer adequate 
to enclose all the solution of colloid insolvent, the system tends to "sweat". 
The gel still exists but is no longer dry. 
Stocks (26) observed that on standing starch gels separate into two 
phases, a more solid gel and a liquid phase, the latter containing very little 
starch. He attributes the phenomenon to the aggregation of the molecular 
complexes, the colloid becoming less dispersed. 
In his studies on starch gels, Meyer (19) found that separation of the 
dispersing agent to be greater for gels of low concentration which had stood 
for some time. The separation was found to be hastened and increased 
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by gentle shaking of the tubes containing the gels. Since the separation 
appears to result from the pressure of the gel itself, Meyer believes that 
it is probable that the gel has a continuous net of structure. Gels of lower 
concentration show the greater separation, probably because they have a 
lighter and looser connecting net work. 
Osborne (20) believes that the weaker gels hold part of the liquid 
phase by capillarity in the lattice of the solid phase, whereas in the strong-
er gels the water exists in solid solution in the substance of the frame work. 
This view is held because the weaker gels extrude more readily. 
These views indicate that starch gels may be considered as consisting 
of two phases, in which the solid phase probably exists in some kind of an 
irregular fibral structure. Syneresis may be regarded as a separation of 
the free phase, and its cause the aggregation of the associated phase. 
EXPERIMENTAL PART 
VISOOSIMETRIO METHODS 
Three types of viscosimeters were tested to determine their applicabil-
ity to the determination of viscosity of starch pastes. An instrument of the 
Scott type was found unsatisfactory because when used at low temperature 
considerable amounts of starch settled out, and at higher temperatures the 
formation of clots prevented free fl.ow, and because of the loss by forma-
tion, and because of the formation of surface films. 
A Doolittle's Improved Torsion Viscosimeter proved more satisfac-
tory, although some difficulties were encountered in its use. Chief among 
these were the formation of surface films, which clung to the rod suspend-
ing the cylinder so that, if not broken by continual stirring, there was a 
sheet of film rotating with the cylinder. It is probable that the agitation 
necessary to prevent film formation caused a variation in the results. Con-
siderable loss resulted from evaporation, necessitating the frequent addition 
of water to keep the volume constant. 
Viscosimeters of the Ostwald type were found to be more satisfactory 
than either of the others· In only a few instances was difficulty encountered 
due to clogging in the tube, and the particles could easily be kept in sus-
pension by applying gentle suction to the tubes. Practically no loss by 
evaporation occurred, nor were surface films troublesome. Temperature 
was more readily controlled than with the other instruments, and determin-
ations more quickly made. The chief objection was that only small con-
centrations could be used. 
THE EFFECT OF CONCENTRATION AND TEMPERATURE UPON THE 
VISCOSITY OF STARCH SUSPENSIONS 
Suspensions of corn, wheat, rice, and potato starches in water were 
prepared in varying concentrations and their viscosities determined at dif-
ferent temperatures. In each case there was a gradual increase in the vis-
cosity up to a certain temperature, after which ther.e was more rapid 
increase up to the point of maximum viscosity. The maximum value was 
followed by a decrease, or fall-back, in the readings· The changes were 
more pronounced in higher concentrations, the increases and decreases 
being scarcely perceptible in concentrations of less than two per cent when 
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the Ostwald viscosimeter was used. Even higher concentrations were re-
quired to show this effect when the Doolittle instrument was used. 
In table 1 ar e shown readings made on the four starches with the 
Ostwald viscometer, when three grams of each starch were suspended in 
100 c.c. of water. The values shown were obtained by dividing the time 
of flow for the suspension by the time of flow for water at the same 
temperature. 
TABLE 1. Viscosity of Starches with Increasing T emperatu,res 
Variety t 
of -- at a temperature of 
starch to 
60° 70° 80° 850 87.5° goo 92° 94° 95° 96° 980 99.5° 
Corn 2.5 2.9 2.9 4.1 4.4 4.7 6.3 10.9 15.1 16.2 15.9 
Wbeat 2.0 2.3 2.8 3.0 3.2 3.7 5.3 6.8 8.7* 8.6 
Rice 1.9 2.3 2.3 3.1 3.1 3.7 5.3 9.0 10.2 10.98 11.0 
Potato 2.0 3.7 11.9 21.0 25.4 14.4 6.9 3.5 
*Reading at 97 °. 
These results show that the maximum viscosity is reached at the lowest 
temp.er.ature by potato starch, then wheat, and corn, while rice requires 
the highest temperature. The order of the starches in decreasing average 
diameters is potato, wheat, corn, rice, thus indicating that the temperature 
of maximum viscosity depends in part upon the size of the granules. 
THE DECREASE IN VISCOSITY OF STARCH SUSPENSIONS WITH 
CONTINUED HEATING 
It may also be seen from the results recorded in table 1 that after the 
maximum viscosity has been reached, that there is, at least for corn, wheat, 
and potato starch, a decrease shown. This decrease was found to be more 
evident if the heating was continued, and also to be influenced by the rate 
of bringing the suspension to the desired temperature. This is shown by 
the results recorded in tables 2 and 3. 
TABLE 2. Decrease in Viscosity of Starches of the Same Concentration with 
Contimied Heatin!l 
Variety t 
of -
starch to 
Time in minutes heating continued 
0 5 10 15 30 45 60 75 90 105 120 
Corn 52.4 33.3 22.9 17.8 10.2 6.4 4.9 4.5 4.1 3.9 3.5 
Wheat 16.3 15.3 10.6 7.6 4.7 4.7 3.7 3.5 3.3 2.7 2.7 
--· 
Rice 10.2 6.1 4.1 3.7 3.1 2.7 2.7 2.5 2.5 2.5 ~ Potato * * * 260 224 208 171 159 117 111 t 
*Too viscous to read. t71 after 400 minutes. 
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The data in table 2 were obtained by suspending three grams of the 
starch in 100 c.c. of water, heating over a flame to the boiling point, then 
quickly transferring a measured volume of the susp.ension to the viscometer 
suspended in a boiling water bath. The first measurement in each case 
was made without delay. The data in table 3 were obtained in the same 
way, except that the suspensions were heated slowly to boiling. Measure-
ments following the first were made at the intervals indicated in the tables. 
TABLE 3. Decrease in Vi,scosity of Starches of the Same Concentration 
with Continued Heating 
Variety t 
of -
starch to 
Time in minutes heating continued 
0 5 10 15 30 45 60 75 90 105 
Corn 17.8 17.3 16.7 15.7 13.3 10.2 8.0 7.1 6.1 5.7 
Wheat 7.1 7.8 7.5 8.0 8.0 8.0 7.8 8.1 7.8 7.5 
Rice 9.8 10.6 11.0 11.6 10.4 10.2 9.6 9.0 8.6 8.4 
Potato 121. 22.8 8.6 5.7 2.9 2.9 2.7 2.7 2.7 2.7 
Note: Suspensions brought to temperatures in forty-four minutes. 
120 
5.5 
7.5 
7.6 
2.7 
The data in tables 2 and 3 show that a much higher viscosity reading 
is obtained when the susp.ensions are heated rapidly, and that the decrease, 
which occurs soon after the maximum is reached, is greater when the sus-
pensions have been brought rapidly to temperature. 
The Telationship between the rate of decrease in viscosity to the average 
diameter of the granules is not marked, being readily evident only in the 
case of a considerable variation. When the heating was rapid, the order 
of the rate of decrease was potato, corn, wheat, rice; as compared to potato, 
corn, rice, wheat, and to the order of decreasing average diameter; potato, 
wheat, corn, rice. 
THE EFFECT OF ADDED REAGENTS UPON THE VISCOSITY OF STARCH 
SUSPENSIONS 
It is evident that the determination of the effect of added reagents 
must be attended with considerable difficulty because of the number of 
factors which affect such determinations, as the concentration, temperature, 
rate of heating, and mechanical treatment· However, so;me knowledge of 
the effect of added substances may be gained, provided that all determin-
ations are made in the same manner. 
The Doolittle viscosimeter was used for these determinations, because 
of the greater convenience in adding material after the determination of 
the starch in water alone. The additions could be ;made without appreciable 
change in starch concentration, because the evaporation necessitated the 
addition of water or some solution to keep the volume constant. This pro-
cedure was not found practical with the Ostwald, because of the use of 
smaller volumes, and because the loss by evaporation was small. Following 
this method, it was found that the addition of acids in concentrations as 
low as 0.0025 N. caused a decrease in viscosity which was much more pro-
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nounced than for starch in water alone. The addition of alkalies caused 
a marked increase in the reading, followed by a decrease. Dilute salt 
solutions showed no appreciable effect upon the rate of decrease in viscosity, 
but when added in amounts sufficient to make the ,solution one-half molar 
with respect to the salt, it was found that sodium chloride had practically 
no effect, while sodium sulphate was found to retard the time required to 
reach maximum viscosity, and that tri-sodium phosphate caused a consid-
erable increase in viscosity, and the attainment of the maximum value at 
much lower temperatures than when in water alone. 
THE FORMATION AND SYNERESIS OF STARCH GELS 
The study of gel formation and syneresis has involved the effect of 
concentration, rate of heating, amount of exposed surface, variety of starch, 
the time that the gels are allowed to stand, and the effect of certain added 
substances. 
The experimental work was carried out by heating various concentra-
tions of starch suspensions over a flame to the desired temperature, and 
transferring the resulting pastes to test tubes. Two sizes of tubes were 
used so that the effect of surface area might be determined. The larger 
tubes averaged 2.2 cm. in diameter by 18 cm. in length, while the smaller 
tubes varied from 1.2 to 1.5 cm. in diameter by 17 cm. in length. The small-
er tubes were graduated so that the volumes could be read directly. The 
larger tubes were not graduated, so it was necessary to remove the contents 
for measurement. 
Mold growth was prevented by the addition of small amounts of tolu-
ene, and by storing the tubes at a temperature of -2° C. All tubes were 
stoppered to prevent loss by evaporation. 
The tubes were used without any coating material, as preliminary 
trials showed that the starch gels did not cling to the walls of the tubes, 
so that treatment with vaseline or other material was unnecessary. 
Preliminary experiments showed that neither the rate of heating nor 
the time of heating affected appreciably the rigidity of the gels or the 
amount of syneresis, so all of the suspensions were heated rapidly over a 
flame, and immediately transferred to the tubes. Since the temperatures 
to which the different varieties of starch must be heated in order that gels 
might be formed are so nearly the same, all of the mixtures were heated to 
the boiling point, thus assuring the formation of gels in each case. 
In table 4 are shown the results of allowing starch gels to stand in 
the tubes for p.eriods of fifteen and twenty days. The values given show 
that when the larger tubes were used, the amount of syneresis was greater, 
indicating that the amount of expressed liquid depends upon the amount 
of surface. That this is not due to the larger volume of gel is evident, as 
not only the actual volume of liquid is greater, but also the percentage. 
This value is based upon the total volume of material in the tubes. 
The amount of syneresis is shown to be different for different varieties 
of starch. Corn starch is shown to exhibit somewhat the greatest amount 
of syneresis, then potato, wheat, and rice. Corn and potato starches gave 
very nearly the same values, while wheat and rice starches have much the 
same values, both being much less than for the first two. All of the starches 
express more liquid in dilute solutions than when more concentrated. 
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TABLE 4. The Syneresis of Starch Gels 
Variety of Grams Large test tubes Small test tubes 
starch of 
starch Volume and percentage of separated liquid in 
100 After After After After 
15 days 20 days 15 days 20 days 
c.c. c.c. P ctg . c.c. P ctg. c.c. Pctg. c.c. Pct. 
Corn 3 10.0 20.0 20.8 46.0 1.0 6.0 2.0 10.5 
Corn 4 8.0 16.6 17.6 39.0 1.2 6.5 3.0 15.8 
Corn 5 14.6 34.0 0.2 1.2 2.5 13.5 
Corn 6 4.5 12.1 10.2 25.0 1.0 4.6 2.7 15.0 
Wheat 3 11.0 25.0 8.3 18.4 0 0 0.2 1.0 
Wheat 4 7.0 14.6 5.3 12.3 1.6 8.6 0.1 0.5 
Wheat 5 10.0 21.7 3.6 8.4 1.5 8.2 0.7 4.0 
Wheat 6 1.0 2.6 1.3 3.3 0 0 0.1 0.5 
Rice 3 5.0 10.8 9.5 1.9 2.2 13.3 1.3 7.9 
Rice 4 0 0 0 0 1.5 8.5 0.6 3.4 
Rice 5 0 0 0 0 2.0 10.8 0 0 
Rice 6 0 0 0 0 0 0 0 0 
Potato 3 5.0 10.2 17.7 39.3 0 0 4.5 24.0 
Potato 4 14.9 36.0 3.0 J.3.9 
Potato 5 1.0 2.2 10.5 27.0 0 0 1.5 8.6 
Potato 6 5.5 13.7 10.0 26.0 3.0 12.1 2.5 15.0 
That syneresis is a progressive phenomenon is shown by a comparison 
of the amounts of liquid expressed by the gels in fifteen days with the 
amounts expressed in twenty days. In all the tubes in which any appre-
ciable amount of syneresis was shown, some liquid was separated at the 
end of one day. The amount increased rapidly for a few days, when the 
rate of increase became slower, although it continued for several weeks. 
The addition of dilute acids to the suspensions of starch in water 
prevented the formation of gels. The addition of small amounts of dilute 
alkalies to the pastes greatly r educed the Tigidity of the gels formed. When 
large amounts were added, gels were not formed. 
To study the effect of other added substances upon the syneresis of 
starch gels, a series of suspensions of corn starch was prepared by the addi-
tion of four grams of the starch to 100 c.c. of water, together with the 
weight of the salt used, such as required to make the salt concentration 
one-half .molar. These suspensions were heated to boiling over a :flame, 
transferred to large test tubes which were stoppered and stored at -2°C. 
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Table 5 shows the effect of the presence of salts upon the syneresis 
of the gels. In addition to the salts listed, AIC13, Fe013, and Sn014 were 
used, but gels were not formed in the presence of these substances. 
It app.ears that the acetate, sulphate, oxalate, and citrates have hast-
ened the syneresis of the gels. The effect appears to be largely due to the 
anion, since sodium and ammonium sulphates produced nearly the same 
effect. All of the other salts appear to either prevent or retard syneresis, 
the effect being the most notable in the case of the salts of the alkaline 
earths, and of sodium iodide, tri-sodium phosphate, and potassium sulpho-
cyanate. 
TABLE 5. The Syneresis of Corn Starch Gels in the Presence of Salts 
15 days 15 days 30 days 60 days 
Salt added cc. P ctg. cc. Pctg. cc. P ctg. cc. Pctg. 
NaCl 1.3 3.1 1.0 2.4 18. 36. 19. 46.3 
NaNO, 0 0 0 0 2. 4.4 16. 35.5 
Na! 0 0 0 0 0 0 0 0 
Na Acetate 15.5 36.9 20.5 37.2 21.5 44.8 23. 48.9 
Na,so, 14.5 40.8 17. 41.4 21.5 44.8 22. 46.8 
Na Oxalate 12.5 29. 14.1 29.4 19.5 44.3 23 47.9 
Na,CO, 0 0 0 0 0 0 0.5 1.2 
NaK Tartrate 0 0 10 25. 20. 37.7 
Na,HP04 0 0 1.1 2.4 6.5 14.4 12. 29.0 
Na,PO. 0 0 0 0 0 0 0 0 
Na Citrat e 20. 40. 23. 46. 25. 47.1 
K C! 0.3 0.6 0 0 14. 26.9 15. 37.5 
NH,Cl 0.8 1.8 2.2 4.1 15.5 34.4 21 42.8 
MgCl, 0.2 0.4 0 0 12. 24. 18. 36. 
Ca CI, 0 0 0 0 0 0 0 0 
Sr Cl, 0 0 0 0 0 0 0 0 
Ba Cl, 0 0 0 0 0 0 0 0 
Zn Cl, 0 0 0 0 0 0 5 11.1 
KCNS 0 0 0 0 0 0 0 0 
(NH,) ,SO, 18.5 38.5 16.5 36.6 21. 42.8 21. 46.6 
Ca(NO,), 0 0 0 0 0 0 0 0 
Controls 8 16.5 8. 16. 18.5 37.7 21. 42.8 
25. 38.4 22. 44.9 
17.5 37.2 21. 46.6 
15. 24.2 10 25.0 
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The experimental work has shown: 
1. That the amount of syneresis increases as the surface area of the 
gel increases. 
2. That it increases with the age of the g.el. 
3. That it decreases as the concentration increases, with the corres-
ponding increase in viscosity. 
4. That it is not greatly affected by rate of length of heating. 
5. That it may be retarded or prevented by the addition of certain 
salts. 
6. That there is no relationship between the average diameter of the 
granules and the amount of syneresis. 
SUMMARY AND CONCLUSIONS 
It has been shown that there is a fall-back in viscosity of starch pastes 
after the maximum value has been reached, and that the gels formed from 
the paste exhibit syneresis. Both of these effects are believed to be due to 
a rearrangement of gel aggregates which liberates some of the water en-
closed by the original structure. 
Starch pastes of low concentration do not form as firmly bound gel 
aggregates as those of higher concentrations, and so are less viscous, and 
since their movement is less hampered, there is a greater degree of syneresis. 
Syneresis may be prevented or retarded by the addition of certain 
salts. This effect is believed to be due to the formation of firmer gel struc-
tures, which do not readily enter into rearrangements permitting the ex-
pression of water. 
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The factors affecting the rate of change in the pH of media inoculated 
with the organism Aerobacter levans have been presented in a previous 
article ( 3). The conditions observed included the original pH value, the 
buffer content, and the air supply of the media during incubation, as well 
as the original concentration of glucose when it was used as the only source 
of energy. 
The results of this study indicated three conditions in which the pH 
changes of a synthetic medium were directly related to the original glucose 
concentration, thereby suggesting methods that might be used for the 
quantitative determination of glucose and other simple sugars in dilute 
solution. 
The simplest method is based on the fact that in lightly buffered media 
containing less than .01 per cent glucose the increase in acidity or decrease 
in plI value is directly proportional to the original glucose concentration. 
This method would have only a limited application, however, since only 
very low concentrations could be studied, and since most biological fluids 
are highly buffered. 
A second method, applicable to higher concentrations of glucose, de-
pended on incubating the media in the absence of air. The only change 
that took place under these conditions was a production of acid caused by 
the decomposition of the glucose. The final pH value of the media, which 
was usually attained after five days incubation, was in direct proportion 
to the concentration of the glucose present. Solutions containing glucose 
in concentrations varying between .08 per cent and .32 per cent were 
studied by this method. 
The third and most promising relationship between glucose concen-
tration of media and the pH changes when inoculated with Aerobacter 
levans is based on the secondary change or increase in pH caused by the 
decomposition of the acids formed from the glucose. Media containing 
low concentTations in glucose begin to increase in pH value before those 
containing more glucose; and at the time this secondary change is taking 
place, the pH values of the media are a function of the original glucose 
concentration. This relationship and the factors affecting it have been 
discussed in the previous article. 
In developing the third method a synthetic medium was prepared con-
taining 0.10 per cent KCl, 0.10 per cent (NH4 ) 2HP04 and some bromthymol 
blue. Glucose solution was added to 100 c.c.portions of this to give definite 
concentrations. Media varying between .01 per cent and .40 per cent in 
glucose concentration have been prepared and studied. 
[451] 
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The 100 c.c. of media were placed in 50 c.c. Erlenmeyer :flasks in 25 
c.c. portions. Each was inoculated with one c.c. of bacterial suspension, 
prepared as described in the previous article, and placed in a constant 
temperature water bath at 30° C. When the change in color of the brom-
thymol blue indicated that the secondary change or increase in pH was 
beginning, usually after about 24 hours, the pH value was determined 
electrometrically. 
In applying this technique to the determination of glucose in an 
unknown solution, media could be prepared in a similar manner with con-
trol media of the same composition, both inoculated with the same bacterial 
suspension and incubated in the same way. By comparing the pH value 
attained by the unknown solution with those attained by the control media, 
the concentration in the unknown media could be interpolated. 
This method has been applied in the determination of the glucose 
formed by inversion of sucrose in a slightly acid medium. 
ACCURACY OF RESULTS 
The accuracy of a biological method for quantitative analysis is depend-
ent on the reliability of the organisms acting in a similar manner under 
the same circumstances. Altho in complex media there is less probability 
of the r.eaction of the bacteria being identical in two cases, it has been 
shown by Kendall (2) that bacteria use carbohydrates as a source of energy 
in preference to protein. This would mean that in the presence of protein 
and one available carbohydrate, the changes would be consistent since the 
rate of change would depend only on the activity of the organisms. 
In the method outlined, the media at the beginning contain only one 
available carbohydrate. As soon as acids are formed, these become a pos-
sible source of energy if incubated under aerobic conditions, and then 
there is opportunity for variation in the action of organisms. Since the 
decomposition of acid tends to increase the pH value and the decomposition 
of sugar tends to decrease it, the error would be doubled if acid were being 
decomposed in one tube while sugar is used in another. 
To determine the error that should be expected, several determinations 
were made of the change in pH of replicate media after 24 hours of 
incubation. Table 1 and Graph I show the pH value obtained. The prob-
able error of each result is calculated as two-thirds of the standard devia-
tion. This is marked on the graph, and by drawing a line from thes.e points 
to the curve, the point is found that represents the concentration of glucose 
to which this error in pH corresponds. 
TABLE 1. The pH of replicate tubes of media contaiining varying concentrations of 
glucose 
Original Pctg. 
pH of media after 24 hrs. incubation Average glucose 
glucose 
.04 6.87 6.87 6.90 6.88 6.87 6.87 6.88 6.89 6.88 6.88±.01 .04±.001 
.08 6.56 6.63 6.52 6.54 6.59 6.61 6.46 6.49 6.56 6.55±.03 .08±.002 
.10 6.27 6.28 6.28 6.34 6.27 6.36 6.40 6.42 6.28 6.32±.04 ,10±.002 
.12 5.19 5.16 5.83 5.93 5.54 5.83 5.48 5.46 5.70 5.57±.18 ,12±.025 
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Graph I. The pH of replicate tubes of media containing varying concentrations of 
glucose. 
A variation of 0.01 pH at 0.04 per cent glucose concentration repre-
sents as great an error in the determination, as a variation of 0.2 pH at a. 
point at which the curve is rising rapidly. This is counteracted because 
the variation in p,H readings at 0.04 per cent concentration is very small. 
The probable error in all of the four concentrations studied is approxi-
mately 2.5 per cent. 
The time interval of 24 hours was chosen because previous experi-
ments had shown that near this time there is the greatest range of pH in 
media containing varying concentrations of glucose. This time corresponds 
approximately to the Hme when all media are increasing in pH value, 
immediately after the minimum pH of the higher concentrations has been 
reached. It is at this time that both the glucose and the organic acids are 
available as sources of energy, and the opportunity for variation is greatest .. 
To study this, a comparison was made of the variation in pH values of a 
medium containing 0.10 per cent glucose after different intervals of in-
cubation. The results, given in table 2 and Graph II, indicate that the 
error does increase after the acids have become available as a source of 
energy. 
The readings of pH after three hours showed no variation, since only 
glucose had been available. At five hours, when acids have begun to be 
used, the probable error is ±0.02 and after seven hours the error is con-
sistently about ±0.04. It would probably be advisable in an experiment 
to determine the pH values immediately after the pH of the highest con-
centrations of glucose begin to increase. At this time the variation in pH 
value due to original glucose concentration is greatest, and the probable 
error is no greater than at later times. In an experiment using media of 
different composition, it would be necessary to make a preliminary test to 
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determine the incubation time that would represent this stage of the re-
action. 
TABLE 2. The pH of replicate fobcs of media, after different periods of inoculation 
No. 
hours pH of media after incubation 
incubated 
3 5.32 5.32 5.34 5.32 5.32 5.32 
5% 5.06 4.97 5.02 5.00 5.05 4.98 5.04 
7% 4.97 5.00 4.93 4.99 5.04 5.06 
9% 4.88 4.92 5.02 4.88 4.86 4.95 
23 5.88 5.70 5.97 5.93 5.88 5.88 
27 6.13 6.12 6.02 6.00 6.02 5.97 6.02 
32 6.20 6.24 6.08 6.22 6.12 6.24 6.13 
60 6.72 6.67 6.77 6.63 6.70 6.59 6.65 
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Graph II. The pH of r eplicate tubes of media after different periods of incubation. 
DETERMINATION OF INVERSION CONSTANTS OF SUCROSE 
Because of their selective action, biological reagents are especially 
applicable for the analysis of sugar mixtures. Since Aerobacter levans does 
not assimilate sucrose, this organism can be used to advantage for the 
determination of sugars prsent in minute quantities in a solution of sucrose 
in a higher concentration. This analysis is difficult to carry on with chem-
ical reagents, but is necessary for the deter,mination of the rate of inversion 
of sucrose in the presence of a weak acid. 
A determination of invert sugar by the action of Aerobacter levans is 
possible if glucose and fructose are decomposed by the organism indis-
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criminately. Slator ( 4) found that these sugars were fermented by yeasts 
at equal rates and Willstatter and Sobotka ( 5) observed that enzymes react 
with them at the same speed. A comparison was ;made of the rates of acid 
production from the two sugars by Aerobacter levans by inoculating similar 
media containing varying concentrations of chemically pure glucose and 
fructose. The results given in table 3 demonstrate that the rates are similar, 
and that the organism may be used to determine the concentration of the 
combined sugars. 
In order to determine the inversion constant, a 5 per cent solution 
of sucrose in .0153 N H 3P04 was placed in a thermostate at 30° C. At 
various intervals 10 c.c. portions of the solution were removed. These were 
neutralized immediately and 10 c.c. of 0.2 percent (NH4) 2HP04, 10 c.c. of 
1 per cent KCl, and 2 c.c. of bromthymol blue solution were added to 
each portion. Each of these solutions was made up to 100 c.c. and sterilized 
in 25 c.c. portions in Erlenmeyer fl.asks. The control media were made 
from the same formula except that varying quantities of glucose were used 
instead of the sucrose. 
The results were checked by a similar experiment in which the rate 
of inversion was followed by the use of a polariscope. The results obtained 
are given in table 4 and Graph III. 
The graph is plotted fr.om the pH values of the media containing 
known quantities of glucose. The concentration of glucose and fructose in 
the media containing partially inverted sucrose is interpolated from this 
graph. The inversion constant calculated from these determinations is 
approximately .005. 
TABLE 3. Comparison of rates of pH change in media containing equal concentrations 
of glucose and fructose 
fpH change of glucose media pH change of fructose media 
Cone. of Time Cone. of Time 
glucose 31;2 hr. 7 hr. fructose 31;2 hr. 7 hr. 
.04% 5.93 6.32 .04% 5.95 6.34 
.08% 5.18 5.32 .08% 5.31 5.40 
.12% 5.14 4.92 .12% 5.16 4.98 
.16% 5.06 4.77 .16% 5.22 4.88 
TABLE 4. DetermMw,tion of inversion constant of sucrose 
Control media Inverted sucrose media 
Cone. of Average Time of Average Cone. of Inversion Inversion 
glucose pH value inversion pH value invert constant constant from 
sugar t=hours polariscope 
r eading 
. 005% 6.75 6 hr . 6.25 .018% .00610 .00729 
.010% 6.63 10 hr. 5.88 .024% .00491 .00894 
. 020% 6.17 26 hr . 4.96 .052% .00422 .00796 
.040% 5.11 
.060% 4.93 
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Graph III. Determination of inversion constant of sucrose. 
CONCLUSIONS 
When the study of this problem began it seemed possible that a graph 
could be plotted from which readings could be made immediately of the 
concentration of glucose that corresponds to the pH developed in media 
after a definite period of incubation. 
It will be seen from Graph III that it has been possible to plot the pH 
developed against the original concentration of glucose and to obtain a 
typical curve. It is possible also, under carefully controlled conditions, 
to duplicate these curves and to estimate the concentration of glucose in 
unknown media by the use of these curves. 
Since the method is entirely empirical, and since there is no method 
known to deteTmine the activity of an emulsion of bacteria, it would not 
be practical to depend upon a curve plotted from earlier experiments. 
It is possible, however, to accomplish the same result in a more depend-
able method by inoculating control media of known glucose concentration 
at the same time and with the same emulsions of bacteria as the unknown 
media. The pH of all the media could then be determined at . the same 
time, a graph drawn from the results with the control media, and the con-
centration of the unknown media interpolated. This is a method that has 
been applied in determining the inversion constant of sucrose. Preliminary 
experiments are often necessary to determine the optimum time to read 
the pll value, and to determine the optimum buffer value of the media. 
Usually the concentration of glucose in the unknown media is known well 
enough to make the control media of approxi.niately the same concentration. 
The use of control media, with the same emulsion of bacteria as the 
unknown media, not only avoids a serious error in this method but makes 
possible a change in the composition of media for any specific experiment. 
Frequently it is necessary to determine glucose in media more complicated 
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than that used in these experiments. By making the composition of the 
control media a duplicate of the unknown media, the method outlined here 
can be applied. In a complex biological fluid, it might be possible to remove 
the sugar to be determined from some of the liquid by a preliminary fer-
mentation with the organism. The sugar could then be added to the result-
ing mixture in known quantities, and the pH change compared with the 
change in the fluid containing the unknown concentration of sugar. It 
would be necessary in such a determination to find an organism that reacted 
only with the sugar to be determined. 
One of the most interesting applications of a biological method for 
determining sugars is in the determinations of changes in structuTe of the 
sugars under the influence of inorganic reagents. The rate of inversion of 
sucrose by phosphoric acid has been determined by this method. Another 
interesting application, suggested by Kendall (1), would be the determin-
ation of inter-conversion -0f glucose, mannose, and fructose in slightly basic 
solutions. An organism that is specific for glucose, and another specific 
for 'fructose and glucose, would be necessary for this determination. The 
fructose or mannose could be allowed to stand in a solution of NaOH for 
definite time intervals. The solutions would then be neutralized and 
nutrient salts added. With one organism the glucose concentration of the 
resulting solution would be determined, and, if the fructose were pregent 
in small enough concentration, it could be determined by subtracting the 
glucose concentration from the concentration of the combined sugars, 
determined by the second organism. 
SUMMARY 
1. The biological method of determining sugars is feasible under 
carefully controlled conditions. 
2. A method has been developed for determining sugar in concentra-
tions between .01 peT cent and .40 per cent by the rate with which the 
secondary pH change takes place under aerobic conditions. 
3. The accuracy of the method is from .001 to .025 per cent. 
4. Glucose and fructose produce acid at the same rate under these 
conditions. 
5. The inversion constant of sucrose in .015 N H3P04, expressing '' t'' 
in hours, is about .005. 
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The method of E. Duclaux (2) is generally used by the zymologist for 
the routine quantitative determination of the fatty acids in dilute solutions. 
The method is based on the differences in the rates of distillation of the 
acids. Those who have used distillation methods have generally found 
them to be unreliable and time-consuming. Behrens (1) and Werkman 
(3) have proposed the use of the differential distribution of the acids 
between immiscible solvents as a more convenient and accurate approach. 
The former proposed the use of the distribution between ethyl ether and 
water, titrating the acid present in both phases and algebraically solving 
for the quantities of the acids by the use of simultaneous equations. Werk-
man pointed out the advantages of the system of isopropyl ether and water 
and standardized the procedure for routine work to provide for quantitative 
determination by reference to graphs. The purpose of the present paper 
is to extend the method of graphical determination and standardization to 
the ethyl ether-water partition. The data for the ethyl ether-water parti-
tion will be required as a basis, for the quantitative determination and 
provisional identification of a mixture of two or more fatty acids, in a 
future communication. There are two reasons why the use of the ethyl 
ether-water partition is discussed and standardized for graphical solution. 
First, this system has one advantage over that of isopropyl ether and water: 
it is slightly more sensitive, and secondly, it is proposed to use a combin-
ation of the two systems in an extension of the partition method to the 
provisional identification of fatty acids in mixtures. For a discussion of 
the advantages and details of the partition method the reader is referred to 
papers (1) and (3). 
METHOD 
The partition method of fatty acid determination finds application in 
the same type of investigation as the Duclaux. It should prove of consider-
able value to the zymologist making routine determinations of the acids 
produced by the action of microorganisms. It may be used to determine 
the volatile and non-volatile acids or their mixtures. As here developed, 
the practicability of the method is limited to the determination of the 
relative proportions of two acids in solution. Thus the method has in 
general the same limitations as the Duclaux. The use of either method 
requires chemical identification. The partition method provides much 
greater accuracy than that of distillation and a determination may be 
performed in much less time. 
Let it be assumed that a quantitative determination is to be made of 
the volatile acids in a fermented medium. A convenient quantity of the 
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medium is adjusted to p;H 3, by the addition of H 2S04 to liberate the 
fatty acids, and distilled. NaCl may be added to raise the boiling point. 
Direct distillation is continued to a minimum of residue to drive over the 
volatile acids. The distillate is adjusted to a fixed normality such as 0.1 N. 
This will be determined by the type of investigation. To 30 cc. of the 
0.1 N solution are added 20 cc. of ethyl ether in a separatory funnel and 
the whole vigorously shaken for one minute. Three minutes are now 
allowed for the separation of the ether and water phases. Twenty-five cc. 
of the aqueous phase are withdrawn and titrated with O.lN alkali. The 
number of cc. of O.lN alkali required to neutralize 25 cc. of the aqueous 
phase may be termed the partition constant. 
TABLE 1. Experi171tental values of partition constants for mia;tures of two acids 
between ethyl ether and water. 25cc. aqueous phase at 25°C. 
Percent 
0.1 N 
acid 
(:first 
named) 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
% 
0 
10 
20 
30 
40 
.50 
60 
70 
80 
90 
Butyric- Butyric- Propionic- Lactic-
acetic propionic acetic acetic 
8.1 8.1 12.4 22.5 
9.2 8.6 13.0 22.2 
10.3 9.0 13.75 21.9 
11.4 9.5 14.3 21.6 
12.5 9.9 15.0 21.2 
13.7 10.3 15.8 20.9 
14.7 10.8 16.4 20.6 
15.8 11.1 17.1 20.2 
17.0 11.6 17.8 19.9 
18.1 12.0 18.5 19.6 
19.2 12.4 19.2 19.2 
[:.J 
5-
-l (.,, ~~~ t..~ Qt:k 
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Lactic-
butyric 
22.45 
21.0 
19.6 
18.1 
16.7 
15.2 
13.8 
12.4 
11.0 
9.6 
8.1 
Percent 
0.1 N 
acid 
(second 
named) 
% 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
100 0 
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Fig. 1. Partition of a mixture of two acids between ethyl ether and wate:r 
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The reading of the partition constant is located on the appropriate 
graph in :figure 1 and the proportion of each acid determined by reference 
to the proper percentage column. Percentages on the left refer to the 
first named acid; those on the right refer to the second named acid. It 
is apparent from the graph of figure 1 that the plots of partition constants 
against relative percentages of acids are straight lines. There is, therefore, 
no difficulty in interpolating. In fact, the entire graph may be constructed 
by determining the terminal points for the particular sample of ether at 
the disposal of the investigator. The partition constants shown in table 
1 were obtained with Mallinkrodt ether to which sodium had been added 
to remove any alcohol or water present. Results obtained by the use of 
the method are shown in table 2. It is to be observed that the error is well 
within that which is to be expected by the use of distillation methods. 
TABLE 2. Ratios of acid.s found in known miatures of fatty acids 
Sample Acids in solution* Ratio % Ratio found % 
1 
2 
3 
4 
5 
Propionic, acetic 
Butyric, propionic 
Butyric, acetic 
Propionic, acetic 
Butyric, lactic 
*Solutions in a mixture in distilled water. 
60:40 
50 :50 
30:70 
80:20 
50:50 
60:40 
50:50 
31:69 
80:20 
49:51 
Graphical solution offers a number of advantages over the algebraic 
method and is the method of choice for routine work; however, quantitative 
determination of two acids may be calculated from a knowledge of the 
partition coefficients -0f the acids present and the number of cc. of O.lN 
KOH required to neutralize (a) total sa,mple partitioned and (b) aqueous 
phase. 
The general equations are as follows: it is assumed for purpose of 
illustration, that the acids are partitioned betwen equal volumes of ethyl 
ether and water; also, that the original solution is adjusted to 0.1 N. 
A1 = cc. 0.1 N first acid present in cc. of 0.1 N mixture. 
A2 = cc. of 0.1 N second acid 'present in x cc. of 0.1 mixture. 
P 1 =partition coefficient of first acid. 
P 2 = partition coefficient of second acid. 
x = cc. 0.1 N alkali required to neutralize aliquot of original mixture 
= no. of cc. of original solution employed after adjustment to 
0.1 N 30 cc. have been used in the graphical solution. 
w = cc. 0.1 N alkali requir.ed to neutralize aqueous phase when par-
tition is made between equal volumes of ethyl ether and water. 
A1 + A2=X (1) 
1 1 
---- A1 + A2 = w 
1 + P1 1 + P2 
(2) 
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1 
( 1 + P2 -
1 ) Ai- (-1 x)-w 
1 + P1 1 + P2 
(3) 
(4) 
The partition coefficient is defined as the ratio of distributions of 
acid between equal volumes of ether and water, the latter phase being unity, 
i.e. 0.434 ~1 for acetic; 1.73 :1 for propionic and 6.28 :1 for butyric. 
It is not necessary to adjust the original solution to known normality. 
Determinations may be made by titrating both ether and aqueous phases 
and substituting for equation 1 an equation obtained similarly to equation 
2 but applicable to the ether phase: 
P1 P2 
---A+ =U 
1 + P1 1 + P2 
(5) 
U =cc. 0.1 N alkali required to neutralize ethyl ether phase. 
The partition method as here described will not determine the pro-
portions of three acids. It will give the limits of these proportions, which 
will serve to give a general idea as to the relative composition of the 
mixture. (See nomogram, Fig. 2). 
~ 
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Fig. 2. Determination of organic acids in a mixture. Partition between ethyl ether 
and water 
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DISCUSSION 
The partition method as here developed is based upon the practicable 
utilization of the distribution of the fatty acids between ethyl ether and 
water in relatively dilute concentration. The graphs have been constructed 
from experimental data, therefore the question of the effect of solution 
phenomena requires no discussion. Consideration of the equations prev-
iously giv€n, wherein use is made of the partition coefficient, might require 
attention to point out that it is not neecssary to assume rigid constancy of 
the coefficient with changing concentration of acid in order to solve by 
the use of these equations. Undoubtedly when we are d€aling with sub-
stances, such as the fatty acids which both associate and dissociate, the 
partition coefficient will not be constant over large chang.es of concentra-
tion. It is for this reason that a fixed normality is employed. 
Concentration as a factor influencing the results, no longer requires 
discussion; the only €ffect to be considered is that of changing proportions 
of the acids which make up the total acidity. A 0.1 N mixture of pro-
pionic and acetic acids, for instance, may be composed of 99 :1 or 1 :99 
parts respectively. That the effect of changing the proportions of the acids 
does not materially alter the partition coefficint of the mixtures is shown 
by experimental results. Such an alteration is not to be expected from 
the similarity in the dissociation properties of the two acids. 
Study of the distribution of acids between immiscible liquid-liquid 
phaoos shows that in a majority of the cases mathematical consideration of 
dissociation and association is necessary to obtain constancy of the partition 
coefficient. On the other hand, there is no great change in the coefficient 
over a limited change of concentration and it is true that there are a number 
of substances in which the uncorrected ratio as determined by analysis is 
reasonably constant over a considerable range of concentrations. In view 
of this relative constancy with changing concentration, there is little change 
to be expected due to dissociation or association when the properties of the 
two acids are very similar. 
The concentration of the solution of acids in the mixture has been 
k€pt low purposely in order to avoid the effect of any considerable con-
centration of solute on the mutual solubilities of the two liquid phases. 
Mutual solubilities must be kept constant to maintain constancy of the 
partition coefficient. 
SUMMARY 
For the quantitative determination in mixtures of two acids in solution, 
the partition method using th€ system ethyl ether-water makes practicable 
the utilization of the differential distribution of fatty acids between two 
immiscible solvents. The prooodure is simple, yields results more accurate, 
and is 1€ss time-consuming than the Duclaux. Moreover, it may be used 
with volatile or non-volatile acids or their mixtures. 
The partition method should prove of value to the zymologist required 
to make quantitative fatty acid determinations. In forth-coming papers 
the partition method will be extended to greater usefulness in the identifi-
cation and quantitative determination of organic acids. 
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Experiments have shown the presence of proteolytic and lipolytic en-
zymes in a ripened Roquefort cheese and in milk on which the mold Peni-
cillium roquef orti has been grown. The action of proteolytic enzymes upon 
casein and of lipolytic enzymes upon the fats of milk form certain volatile 
acids which Currie (2) considers ;may account for the characteristic taste 
of the Roquefort type of cheese. Hence it was thought that the conditions 
most favorable for the production of a good quality Roquefort cheese and 
the formation and activity of the proteolytic and lipolytic enzymes formed 
by growth of the mold were the same. Therefore, since milk or cheese is 
a complicated substance in which to study enzymE\ action a synthetic 
mediu;m was used on which to grow the mold. Dox (3), Golding (8), Currie 
(2) and Thom (11) used Czapek's solution as a medium for the growth of 
P. roqueforti for cultural and enzyme studies. As these experiments pro-
vide considerable data for comparative purposes, it was decided to use 
Czapek's medium as a basis for these enzyme studies. In the literature, 
there is occasional reference to the stimulative action of ammonium salts. 
Satio (9) reported an increase in the production of diastase by mold 
when ammonium salts were added to a certain nutrient medium. Fulmer 
and co-workers (5,7) used ammonium salts in a medium in which they 
studied yeast growth. They found a definite relationship to exist between 
yeast growth and temperature, hydrogen ion, and concentration of am:mon-
ium salts of the yeast nutrient medium. In view of the experiments pre-
viously cited, it seemed possible that the presence of ammonium salts in 
Czapek's ;medium might favor mold growth. 
The work here reported consisted of: (a) studies on the composition 
of a medium which will give good growth of mold and consequent produc-
tion of esterase and protease; (b) digestion experiments in which the 
optimum conditions for the activity of the enzymes are studied. 
I STUDIES ON THE MEDIUM 
These studies were planned to determine the concentration of ammon-
ium salts and of hydrogen ion which gives the best growth of mold in 
'The work included in this paper is taken from theses submitted by L. Weis-
brodt Smith and by Helen Jo Collins in partial fulfillment of the requirements for the 
degree Master of Science at Iowa State College. The authors wish to express appre-
ciation for the help received from Dr. E. I. Fulmer of the Chemistry Department, Dr. 
J. C. Gilman of the Botany Department, Iowa State College and from Dr. N. S. Golding 
of the Dairy Department, University of British Columbia, during the progress of 
these experiments. 
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Czapek's medium and furthermore, to determine the constituents necessary 
for the production of esterase and protease. 
(1) Adjustment of medium for mold growth. Table 1 shows the com-
position of Czapek's medium, in comparison with the medium as modified 
by the addition of varying amounts of ammonium chloride. These media 
were used in the experimental work which follows. 
TABLE 1. Composition of media in grams per 
1000 cc. solution 
Czapek 
Modification 
of Czapek 
Mgso. . ......................... 0.50 ........................ 0.50 
K,HPO, ........................ 1.00 ........................ 1.00 
KCl ................................ 0.50 ................ ........ 0.50 
Feso ............................. O.OL ...................... 0.01 
NaNO, .......................... 2.00 ...................... None 
NH.Cl .......................... None ........ (Va1·ying between 
0.001 N and 0.4 N) 
Corn sugar .................... 2.50 ........................ 2.50 
Into each of a series of 50 cc. Erlenmeyer flasks was placed 15 cc. of 
one of the above media, the concentration of which would allow for the · 
addition of 5 cc. of additional liquid. The flasks were plugged, sterilized 
at 15 pounds pressure for 12 minutes and inoculated with 5 cc. of a mold 
dispersion. The mold dispersion was prepared by inoculation of sterile 
water with loose .mold from a four day agar culture. After incubating at 
30° C. until the first spores appeared, the weight of dry mold felt was 
determined. 
Several series of experiments were made, using the media described in 
the foregoing paragraph, in which the concentration of ammonium chloride 
varied from 0.001 N to 0.4 N. The results of these experi.ments are shown 
in table 2. 
TABLE 2. Weight of mold f elts produced by P. 
roqueforti on Czapek's medium varying the con-
centration of NH,Cl 
Normality of NH.Cl Grams mold felt 
0.001 .................................................. 0.0012 
0.010 .................................................. 0.0021 • 
0.020 .......... .................. ...................... 0.0126 
0.060 .................................. ................ 0.0215 
0.080 .................................................. 0.0301 
0.100 .................................................. 0.0328 
0.125 .................................................. 0.0278 
0.150 .................................................. 0.0035 
0.175 .................................................. 0.0024 
0.200 ............ ....................................... 0.0077 
0.300 .................................................. 0.0042 
0.400 .................................................. 0.0085 
The varying weights of ;mold felt obtained indicate that there is an 
optimum quantity of ammonium chloride which may be used in Czapek's 
medium to bring about the for.mation of a heavier mold felt than could be 
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obtained in the absence of ammonium salts. The heaviest growth of mold 
was obtained at 0.1 N ammonium chloride, and at this normality sporula-
tion was first noted. 
It was of interest to determine the importance of iron salts in the 
medium. It has been suggested (3) that the organism may be able to make 
up certain salt deficiencies from the glass of the containing vessel. A group 
of experiments using Czapek's medium with 0.1 N ammonium chloride in 
place of sodium nitrate, in which the mold was grown in the presence and 
in the absence of 0.01 N fer rous sulfate, indicated that the presence of that 
small trace of ferrous ion fostered vigorous growth and sporulation of mold. 
A study was made of the hydrogen ion concentration of the medium 
containing 0.1 N ammonium chloride at which the best yield of mold felt 
was obtained. Hydrogen ion determinations were made with the quin-
hydrone electrode (1) and the hydrogen ion concentration of the media 
adjusted under sterile conditions using the procedure described by Fulmer 
and Christensen ( 6). Media varying from pH 3 to 8 were prepared, and 
the weight of mold felt upon each was determined by the same procedure 
as previously described. The results of these experiments are sl\own in 
table 3. 
TABLE 3. W eight of mold f elts produced by P. 
roqueforti on Czape1c's medium containing 0.1 N 
NH.Cl and varying pH 
pH Grams mold felt 
3.00 ........ ................ .... .... ...... .... .......... 0.0309 
4.00 ........... .............. .... ....... ....... ......... 0.0420 
4.50 .... .............. ........... ........... ............ 0.0698 
5.00 ....................... ... .......... .... ........ .... 0.0526 
6.00 ........... ...................... ........ ..... ...... 0.0452 
6.49 ..... ........ ... ........ .. .... .................. .... 0.0381 
7.00 ................. ................ ................... 0.0321 
7.50 ....................... ................ ....... ...... 0.0269 
7.80 .................. .......... .. ...... ........... .. ... 0.0102 
8.00 ............................ ... ..................... 0.0062 
It is interesting to note that the heaviest mold felt is obtained at pH 
4.5, a slightly acid concentration, rather than in a neutral solution (pH 
7.00) which is typical of Czapek's medium. 
(2) Adjustment of medium for the production of esterase. The med-
ium used for the growth of mold and formation of esterase is similar to 
Czapek's medium with the modifications just mentioned, and also contains 
ethyl butyrate to stimulate the production of esterase during for;mation 
of the mold. The medium contained, in 1000 cc. of solution, the following 
compounds: 
MgSO, ........................................................ 0.50 grams 
K,HPO, .......... .......................................... 1.00 '' 
KCl ... ... ................... .......... .......... ............... 0.50 '' 
FeS04 ·------- -- ----- - -- - ----- - -- -- - ---- --- - ----- - - - ------ - --- 0.01 '' 
NH4Cl (0.1 N) -- --------- ---- ------ ------------------- 5.35 '' 
Corn sugar ------ ------- ----- --------·· ···----------------- 2.50 '' 
Ethyl butyrate ............ ..... ..... .... ...... ..... ..... 0.50 cc. 
468 N. M· NAYLFR, L. WEISBRODT SMITH AND HELEN JO COLLINS 
The ;medium was prepared, and after sterilization was adjusted to pH 
4.5, as previously mentioned. Inoculation was made and the mold allowed 
to grow for ten days at 30° C. At this time, sporulation was well advanced. 
The felts were removed and both mold felt and filtrate were tested in 
digestion experiments for esterase activity. 
(3) Adjustment of medium for production of protease. It was de-
sired to add casein to the nutrient media upon which the mold was grown, 
in order to stimulate protease formation. Preliminary experiments in-
dicated that, owing to the excess of nitrogen furnished by both ammonium 
chloride and casein, growth of mold occurred but sporulation was delayed. 
Since better growth was obtained on a medium in which sugar, casein, and 
a.mmonium chloride were present, than when any of these were omitted, it 
seemed to be necessary to obtain a suitable balance for these constituents. 
It was shown also, that the presence of casein brought about a change in 
the optimum hydrogen ion concentration for mold growth. 
All mold growth experiments were carried out as described in section 
I (1) of this paper. Concentrations of casein varying from one-tenth per 
cent to five per cent were added to Czapek's medium, and the opti;mum 
growth was obtained at one per cent casein. Using casein in the medium, 
it was necessary to adjust the concentration of hydrogen ion and of am-
monium chloride in order to obtain the best growth and sporulation of mold. 
When the usual amount ( 0.1 N) a;mmonium chloride was used with one 
per cent casein, the excess of nitrogen caused a cottony growth of mycelium 
with little sporulation. This condition was not desirable and was corrected 
by the adjustment made as shown in tables 4 and 5. 
TABLE 4. W eight of mold f elt obtained by 
growth of P. roqueforti on modified Cpazek's 
mediwm containing one per cent casein and ad-
justed to varying pH. 
pH Grams mold felt 
1.30 .................................................... none 
4.95 ..................................................... 0.0225 
5.59 .................................................... 0.0358 
5.62 ............................ ........................ 0.0323 
6.32 .................................................... 0.0250 
7.00 .................................................... 0.0235 
TABLE 5. W eight of mold f elt obtained by 
growth of P. roqueforti on modified Czapek's med-
ium containing one per cent casein, adjusted to pH 
5.6 and varying the concentration of NH,Cl 
Normality of NH,CI Grams mold f elt · 
0.10 ......................................... ........... 0.0289 
0.05 .................... ................................ 0.0316 
0.03 .................................... ................ 0.0335 
0.01 .................................................... 0.0177 
0.00 ...................... .............................. 0.0178 
The weight of ;mold felt obtained in these experiments indicates that 
the best growth of mold is obtained a.t pH 5.6 in a medium in which one per 
cent casein is present. 
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The optimwn quantity of ammonium chloride is shown to be 0.03 N, as 
compared with .1 N in a medium in which casein is not present and in 
which ammonium chloride is the only source of nitrogen. With the adjust-
ment here indicated of casein, ammonium chloride, and hydrogen ion con-
centration, good growth and sporulation were obtained. 
The medium most suitable for growth of mold with production of 
protease contained, in 1000 cc. of solution, the following compounds 
MgSO, ........................................................ 0.50 grams 
K,HPO, ...................................................... 1.00 '' 
KCl ---------······--·······------------······--·····-······-·-· 0.50 '' 
Feso.. . ....................................................... 0.01 '' 
NH,.Cl (0.03 N) ·················---···········-····-- 1.61 '' 
Sugar ---······· ···---------------------·----------------------- 2.50 '' 
Ca.sein ·-·-----------------------·-----------------------------10.00 '' 
The medium prepared and adjusted as before ;mentioned, to a hydrogen 
ion concentration of pH 5.6, was inoculated and the mold allowed to grow 
for ten days at 30° C. The felts were removed, and both mold felt and 
filtrate were tested in digestion experiments for protease activity. 
II DIGESTION EXPERIMENTS 
(1) Preparation of e;nzyme. The mold felts were removed, washed 
and mascerated with distilled water. This extract was allowed to stand 
at ice box temperature with frequent agitations, for several hours. After 
the solid residue had settled, the extract was used as intra-cellular enzyme. 
The media filtrates were always tested for extra-cellular enzyme. 
(2) Experiments to test esterase activity. Into 50 cc. Erlenmeyer 
fl.asks each containing 3 cc. of molar disodium hydrogen phosphate, 2 cc. 
of conductivity water, and one-half cc. ethyl butyrate, were placed 10 cc. 
of the extra-cellular enzyme; into similarly prepared fl.asks were placed 
10 cc. of the intra-cellular enzyme; the blank deter;rninations were pre-
pared by adding 10 cc. of boiled enzyme to fl.asks containing the substrate. 
To each flask was added 4 drops of toluene to prevent bacterial action. 
Digestion :proceeded at 30° C. for ten days, then the contents of the fl.asks 
were titrated with standard sodium hydroxide. The difference between the 
amount of acid present in the flasks containing active enzyme and that in 
the flasks containing boiled enzyme represented the degree of hydrolysis 
of the ethyl butyrate, and hence the activity of the esterase. 
A series of d-qplicate experiments, using mold grown on Czapek's 
medium in comparison with mold grown on the medium described in section 
I (2) of this paper, show that a greater enzyme activity is obtained from 
those intra and extra-cellular extracts prepared from media at optimum 
hydrogen ion and ammonium chloride concentration than in those extracts 
obtained from Czapek's medium. The results of these experiments also 
support the hypothesis suggested by Dox ( 4) that when mold felts are 
removed after sporulation is well advanced, the greatest enzyme action is 
found in the mold filtrate which has been ter;rned extra-cellular enzyme. 
Table 6 summarizes the results obtained in these experiments. 
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TABLE 6. Amount of esterase (expressed in cc. of 0.0847 N NaOH) produced by P. 
roqueforti on Czapek 's medium with various modifications 
cc. of base for 
Media Mold extract Mold filtrate 
Czapek 's medium as used by Dox ························----------------0.161.. ...................... 0.242 
Czapek 's medium with 0.10 N NH,Cl ---------------·--··---·------------0.200 ............. ., ......... 0.990 
Czapek 's medium with 0.10 N NH,Cl, pH 4.5 ...................... 0.200 ........................ 1.550 
(3) Experiments to test protease activity. The substrate was pre-
pared by dissolving casein in dilute hydrochloric acid or in dilute sodium 
hydroxide (10) and the mixture brought to the desired hydrogen ion con-
centration by titration with standard base or acid. Hydrogen ion concen-
tration was measured by the quinhydrone electrode method (1). Enzyme 
was added to the substrate, four drops of toluene to prevent bacterial 
action, and the mixture incubated at 30° C. for 48 hours. Undigested 
ca·sein was precipitated by the addition of 20 per cent sodium sulfate to 
those mixtures more acid than pH 7.00 or by addition of 10 per cent acetic 
acid and then sodium sulfate to those mixtures more alkaline than pH 7.00. 
The nitrogen of undigested casein was determined by the Kjeldahl method 
and calculations made on the basis of blanks containing boiled enzyme 
dispersion. 
The extracts prepared from synthetic media at optimum ammonium 
chloride and hydrogen ion concentration showed proteolytic activity com-
parable with. those extracts prepared from mold grown on separated milk. 
The use of synthetic media rather than milk for the preparation of enzyme 
material makes it possible to add to a digestion substrate, enzYllle extract 
of less uncertain composition and simplifies the problem of extraction of 
enzyme and of studying optimum digestive conditions. 
TABLE 7. Influence of hydrogen ion concentration upon di-
gestion of 0.5 gm. casein by protease of P. roqueforti 
pH 
Grams casein 
recovered 
Grams casein 
recovered 
(boiled enzyme) 
3.3 7 ................................ 0.421.. .............................. 0.418 
3.50 ................................ 0.414 ................................ 0.414 
5.29 ................................ 0.315 ................................ 0.400 
5.90 ................................ 0.380 ................................ 0.406 
6.45 ................................ 0.412 ................................ 0.408 
7 .90 ................................ 0.412 ................................ 0.408 
8.90 ................................ 0.409 ................................ 0.424 
In order to determine the optimum hydrogen ion concentration of 
the digestion substrate, proteolytic enzyme was allowed to act upon casein 
mixtures varying from pH 3.37 to 8.90. After 48 hours at 30° C., the 
amount of undigested casein was determined as previously described. The 
results of these experiments are given in table 7. Hydrogen ion concentra-
tion, pH 5.30, was determined as optimum for proteolytic digestion. It is 
significant that the hydrogen ion concentration optimum for digestion of 
casein by protease of P. roquef orti corresponds closely to the hydrogen 
ion concentration of the medium at pH 5.6 determined as optimum for 
growth of the mold in a casein media. 
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SUMMARY 
These experiments have determined the constituents of a synthetic 
medium which gives an increase in the weight of mold over that obtained 
in comparative experiments by use of Czapek's solution. Moreover they 
have given evidence that the increase in the weight of mold fosters an 
increase of esterase and protease activity in the extracts. The optimum 
hydrogen ion concentration for proteolytic digestion at 30° C. has been 
determined at pH 5.30. 
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266. 
Kohlrausch bridge, 11. 
Lactic-acetic, 460. 
butyric, 460. 
Larva, pigeon fly, 255. 
L epidoptera, 120, 167, 168, 169, 170, 171, 
172, 173. 
Lime deficiencies in soil, 425. 
treatment, 426, 427. 
Malaria, pigeon, 253, 254. 
Mastigophora, 366, 411. 
Mechanical services, 219. 
Medium, composition of, 465. 
studies on., 465. 
Mercuric salts, reduction of, 2. 
Metazoan host, 215. 
Metazoan invertebrates, 362. 
Metallic magnesium, reduction by, 3. 
Micro-analytical methods, 3. 
Milk, pasteurization of, 181. 
effect of clarification of, 184. 
clarified, 188, 198. 
unclarified, 198, 202. 
Mold felt, weight of, 466, 471. 
Monadidae, 366. 
Monograph on the protozoa of the large 
intestine of the horse, 359. 
Neuroptera, order, 63. 
Nichrome electrodes, 39. 
Nicotine sulfate, 256. 
Nitro-alcohols of furan series, 27. 
Nitrogen-fixing bacteria, 426. 
Nitrogen fixation, 425. 
Nitrogen-free mannite solution, 426. 
Odonata, order, 64. 
Oilcomonas equi, 363, 366. 
Oligotrichs, 411. 
Omega-furyl-allyl-urea, 31. 
Ophryoscolex, 220, 228. 
Order 
Coleoptera, 91, 167, 168, 169, 170, 171, 
172, 173, 174. 
Collembola, 57. 
Diptera, 125, 167, 168, 169, 170, 172, 
173. 
Ephemerida, 64. 
Hemiptera, 56, 166, 167, 168, 169, 170, 
171, 172, 173, 174. 
Homoptera, 77, 166, 167, 168, 169, 170, 
171, 172, 173, 174. 
Hymenoptera, 148, 167, 168, 169, 170, 
172, 173. 
Lepidoptera, 120, 167, 168, 169, 170, 
171, 172, 173. 
N europtera, 63. 
Odonata, 64. 
Orthoptera, 58, 166, 167, 168, 169, 170, 
171, 173. 
Plecoptera, 65. 
Thysanoptera, 65. 
Trichoptera, 120. 
Orthoptera, 58 ,166, 167, 168, 169, 170, 
171, 173. 
Overgrowths of nursery stock, 263, 264. 
Overgrowths, location of, 266. 
wooly knot, 270. 
Oximes, 27. 
Paraisotricha, 360. 
P. beclceri, 363, 383. 
colpoidea, 363, 381, 411. 
minuta, 363, 383. 
key to species, 381. 
Parasites, 215. 
injurious, 217. 
Parasite, specialized, 254. 
Paris daisy, crowngall of, 263. 
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Partition coefficient, 463 . 
constant, 460, 461. 
Penicillium roqueforti, 465. 
Peptonizers, acid, 189, 190. 
neutral, 189, 190, 191. 
Perilla aldehyde, 27. 
nitrite, 27. 
Phenolphthalein, 38. 
Phenyl-furylmethyl urea, 29. 
Phosphorus deficiencies in soil, 425. 
Pigeon fly and pigeon malaria in Iowa, 
253. 
control of, 256. 
Platinum chloride, reduction by, 2. 
Plant substances, conversion of, 216. 
Plasmadroma, 365. 
Plecoptera, order, 65. 
Polygonum ampliibium socies, 55, 172, 
174. 
Polymastigina, 367. 
Polymorpha ampulla, 363, 379. 
Potassium permanganate, reduction of, 2. 
Potentiometric method, 437. 
Prairie, 53. 
true, 53. 
sub-climax, 53. 
mixed, 55. 
studies of insect fauna of Iowa, 49. 
Properties of starch with relation to time 
of formation of starch gels, 441. 
Propionic-acetic, 460, 461. 
Propionic acid, 462, 463. 
Prorodonopsis coli, 375. 
composita, 375. 
Protease, 465. 
digestion of casein by, 470. 
experiments to test activity, 470. 
production of, 468. 
Protomonadina, 366. 
Protozoa, 215, 216. 
entozoic, 215. 
effect on pH, putrefaction, 233. 
method of studying living, 362. 
staining, 362. 
Pseudolynchia maura (Bigot), 253, 254. 
Pseudomonas tumefaciens, Sm. and Town, 
263. 
hosts of, 270. 
Puparia, pigeon fly, 255. 
Pyrethum, for control of pigeon flies, 256. 
powder, 256. 
soap, 256. 
Quinhydrone electrode, 467. 
Rheum rhaponticum L., 315. 
Rhizopoda, 365, 411. 
Roquefort cheese, 465. 
Rumex crispus L., 315. 
Ruminants, domestic, 215. 
protein requirements of, 216. 
Rumen infusoria, 215. 
non-infusorian life of, 227. 
Saccharin, 27, 33. 
Schizomycetes, 215. 
reduction of, 217. 
Silica gel medium, 426, 427. 
Spartina consocies, 54, 171, 173. 
Socies 
Carex, 54, 172. 
Polygonum amphiMum, 55. 
Sodium hypochlorite, 37, 47, 48. 
bicarbonate, 37. 
chloride, 38, 47, 48. 
chromate, 38. 
Spirodinium equi, 363, 400, 411. 
Standards for colorimetric measurements 
of pH, 437. 
Starch gels, 441. 
Starch suspensions, 442. 
effect of concentration and tempera-
ture upon, 443. 
Steam distillation, 3. 
Stipa-Bouteloua formation, 53. 
association, 55. 
Stipa-Koeleria association, 53. 
Stipa spartear-Andropogon scoparius as-
sociation, 168, 173. 
StreptococC'lis lactis, 189. 
Stomatea, key to sections, 368. 
Suctoria, 362, 411. 
Starch, 441. 
Studies of crowngall, overgrowths and 
hairyroot on apple nursery stock, 263. 
Studies on the insect fauna of Iowa 
prairies, 49. 
Studies on nitrogen fixation in some Iowa 
soils, 425. 
Sucrose, inversion of, 452. 
Sulfuric acid, 36. 
decomposition by, 3. 
Symbionts, 215. 
Syneresis, 441, 442, 443, 447, 449. 
effect of salts on, 448, 449. 
of starch gels, 446, 447, 448. 
Sweetnes, methods of testing, 32, 33. 
Tantalum electrodes, used as cathodes, 
39. 
Tetratoxum, 361. 
key to species, 403. 
T. excavatum, 363, 404. 
parvum, 363, 405. 
unifasciculatum, 363, 403, 411. 
Tysanoptera, order, 65. 
Titrations of carbonates, 434. 
Titration, conductometric, 1. 
Tomla cremoris, 196, 197, 210. 
Trees, apple, budded and grafted, 264, 
265. 
Trichomonadidae, 367. 
Triadinium caudatum, 363, 400, 410. 
galea, 363, 401, 410. 
key to species, 400. 
minimum, 363, 402, 410. 
Trichomonas, 361. 
T. equi, 363, 367. 
478 
Trichostomata, key to families, 381. 
Trichomonas ruminantium, 227. 
Trichoptera, order, 120. 
Tripalmaria dogieli, 363, 406, 410. 
Tri-sodium phosphate, 446. 
Trophozoites, 229, 411. 
INDEX 
Trypanasoma hunnai Pitagula, 254. 
Variati<l'll of hydrogen ion concentration, 
431. 
Viscosimeters, 442. 
Doolittle, 442, 443, 444, 445. 
::MaeMichael, 442, 443. 
Ostwald, 442, 443, 444, 445. 
Redwood, 442. 
Scott, 442. 
Stormer, 442. 
Torsion, 442. 
Viscosimetric methods, 443. 
Viscosity, 441. 
decrease in, 443, 446. 
increase in, 446. 
of starch, 443, 444. 
of starch suspensions, effect of added 
reagents upon, 445. 
Yeasts, specific gravity, 196. 
Zoomastigma, 366. 
Zymologist, 459, 463. 

